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NIST 

(57) Abstract 

Compounds of formula (I), wherein Q 1 , Q 2 , Q 3 and Q 4 have any of the 
meanings given in the specification, their N-oxided, and their pharmaceutically 
acceptable salts are nonpeptide antagonists of SP and NKA, useful for the 
treatment of asthma, etc. Also disclosed are pharmaceutical compositions, 
processes for preparing the compounds of formula (I) and intermediates. 
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5-(*-SUBST.-PIPERIDINYL-l)-3-ARYL-PENTAN0IC ACID DERIVATIVES AS TACHYKININ 
RECEPTOR ANTAGONIST 

This invention concerns novel substituted 5-(heterocyclic)valeryl derivatives 
which antagonize the pharmacological actions of the endogenous neuropeptide tachykinins 
known as neurokinins, particularly at the neurokinin 1 (NK1) and the neurokinin 2 (NK2) 
receptors. The novel 5-(heterocyclic)valeryl derivatives are useful whenever such 
antagonism is desired. Thus, such compounds may be of value in the treatment of those 
diseases in which the NK1 and/or NK2 receptor is implicated, for example, in the treatment 
of asthma and related conditions. The invention also provides pharmaceutical compositions 
containing the novel 5-(heterocyclic)valeryl derivatives for use in such treatment, methods for 
their use. and processes and intermediates for the manufacture of the novel 
5-(heterocyclic)valeryl derivatives. 

The mammalian neurokinins comprise a class of peptide neurotransmitters 
which are found in the peripheral and central nervous systems. The three principal 
neurokinins are SP (SP), Neurokinin A (NKA) and Neurokinin B (NKB). There are also 
N-terminally extended forms of at least NKA. At least three receptor types are known for the 
three principal neurokinins. Based upon their relative selectivities favoring the neurokinin 
agonists SP, NKA and NKB, the receptors are classifed as neurokinin 1 (NK1), neurokinin 2 
(NK2) and neurokinin 3 (NK3) receptors, respectively. In the periphery, SP and NKA are 
localized in C-afferent sensory neurons, which neurons are characterized by non-myelinated 
nerve endings known as C-fibers, and are released by selective depolarization of these 
neurons, or selective stimulation of the C-fibers. C-Fibers are located in the airway 
epithelium, and the tachykinins are known to cause profound effects which clearly parallel 
many of the symptoms observed in asthmatics. The effects of release or introduction of 
tachykinins in mammalian airways include bronchoconstriction, increased microvascular 
permeability, vasodilation, increased mucus secretion and activation of mast cells. Thus, the 
tachykinins are implicated in the pathophysiology and airway hyperresponsiveness observed 
in asthmatics; and blockade of the action of released tachykinins may be useful in the 
treatment of asthma and related conditions. A cyclopeptide antagonists (FK-224) selective 
for both NK1 and NK2 receptors has demonstrated clinical efficacy in human patients 
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suffering from asthma and chronic bronchitis. M. Ichinose, et al., Lancet, 1992, 340, 1248. 
Nonpeptidic tachykinin antagonists have been reported, for example in European Patent 
Application. Publication Number (EPA) 428434, EPA 474561, EPA 512901, EPA 512902, 
EPA 515240 and EPA 559538, as well as in WO 94/10146, EPA 0625509, EPA 0630887, 
WO 95/05377, WO 95/12577, WO 95/15961. EPA 680962, and WO 95/16682. We have 
discovered a series of non-peptidic antagonists of the NK1 and NK2 receptors, and this is the 
basis for our invention. 

According to the invention, there is provided a Compound of the invention 
which is a compound of formula I (formula set out hereinbelow following the Examples, 
together with other formulae denoted by Roman numerals) wherein 

Q 1 is a radical selected from the group of radicals of formulae la, lb, 1c. Id. Ie. 
If, Ig, Ih. Ij . Ik . Im. In, Ip, Iq, Ir, Iu, Iv, Iw and Ix wherein 

for a radical of formula la, Z a is nitrogen or a group CR^ in which is 
hydrogen or R ad together with R ac and the existing carbon to carbon bond forms a double 
bond; R 3 * is Ar or Het; R ab is hydrogen and R ac is hydrogen or hydroxy or R ac together with 
R ad and the existing carbon to carbon bond forms a double bond, or R ac and R™* together 
form a diradical -(CH 2 )j- in which j is an integer from 1 to 5; or R ab and R ac together form a 
diradical -(CH 2 ) k - in which k is an integer from 2 to 6, or R ab and R ac together are oxo or 
dialkylaminoalkyloxyimino of formula =N-0-(CH 2 ) q -NR a *R a f in which q is the integer 2 or 
3 and R ae and R af are independently hydrogen or (l-4C)alkyl, or the radical NR ac R af is 
pyrrolidino, piperidino or morpholino; 

for a radical of formula lb, Z b is a substituted imino group R ba N or R ba CH 2 N in 
which R ba is (3-7C)cycloakyl, Ar ¥ Het, Ar(carbonyl), Het(carbonyl), CH 2 NRbeRW 
C(=0)NRbeRM; CH 2 C(=0)NR b *R b f ; or Z b is a disubstituted methylene group 
R bb (CH 2 ) p -C-R b c in which R bb is Ar or Het; p is the integer 0 or 1 ; and R^ is hydrogen, 
hydroxy, (l-4C)alkoxy, (l-4C)alkanoyloxy, COOR M (wherein R M is hydrogen or 
(l-3C)alkyl), cyano, CH 2 NRb*Rbf C(=0)NR^R b f NR^RW or SR b 8 in which R be and R b ' 
are independently hydrogen, (l-4C)alkyl, (l-4C)hydroxyalkyl or (l-4C)alkanoyl, or the 
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radical NR be R bf is pyrrolidine piperidino or morpholino; and Rbg is hydrogen or 
(l-4C)alkyl; or R* forms a double bond with the carbon atom to which it is bonded and with 
the adjacent carbon atom in the piperidine ring; or Z b is a disubstituted methylene group 
RbhCRbi which f orms a spirocyciic wherein R bb j s phenyl which is joined by an 
onhc-substituent diradical X b to R* in which the phenyl R bb may bear a substituent 
selected from halo. (l-3C)alkyl, (l-3C)alkoxy, hydroxy, (l-3C)alkylthio, (l-3C)alkylsuIfmyl 
and (l-3C)alkylsulfonyl; the diradical X b is methylene, carbonyl or sulfonyl; and R b < is oxy 
or imino of formula -NR b i- in which R b j is hydrogen or (l-3C)alkyl; 

for a radical of formula Ic, R« i s At or Het; and Z<= is oxo, thio, sulfinyl, 
sulfonyl or imino of formula -NR cb - in which Rc»> is (1 -3C)alkyl or R cc R c <»N-(CHo) q - in 
which q is the integer 2 or 3 and in which R<* and Red m independently hydrogen or 
(l-3C)alkyl or the radical RccrccIn is pyrro iidino, piperidino or morpholino; 

for a radical of formula Id. Rda is 1 . 2 or 3; 

for a radical of formula Ie, J* is oxygen, sulfur or NR ea in which Rw is hydrogen 
or (l-3C)alkyl; R* b is hydrogen, (l-6C)alkyl which may bear a hydroxy substituent and/or 
one to three fluoro substituents, (3-6C)alkenyl (in which a vinyl carbon is not bound to 
nitrogen), 2-hydroxyethyl, (3-7C)cyloalkyl, Ar or Het; Rec is hydrogen, (l-6C)alkyl which 
may bear a hydroxy substituent and/or one to three fluoro substituents, (3-6C)cycloalkyl, 
(l-5C)alkoxy (only when J* is oxygen), (3-6C)cycloalkoxy (only when J* is oxygen), or an 
amino group of formula NR'dRee containing zero to seven carbon atoms in which each of Red 
and R« is independently hydrogen, (l-5C)alkyl or (3-6C)cycloalkyl, or the radical NRedRee 
is pyrroiidino, piperidino, morpholino, thiomorpholino (or its S-oxide) or piperazinyl (which 
piperazinyl group may bear a (l-3C)alkyl substituent at the 4-position); 

for a radical of formula If, Jf is oxygen, sulfur or NR fa in which Rfa is hydrogen 
or (l-3C)alkyl; is a divalent hydrocarbon group in which the 1-position is bound to the 
carbon bearing the group J f , the divalent group V being selected from trimethylene, 
cis-propenylene, tetramethylene, cis-butenylene, cis-but-3-enylene, cis,cis-butadienyiene, 
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peniamethylcne and cis-pentenylene which divalent group L f itself may bear one or two 
methyl substituents; 

for a radical of formula lg, Zg is (l-8C)alkyl or (3-8C)cycloalkyl which may bear one 
or more substituents selected from the group consisting of halo, (3-6C)cycloalkyl, cyano, 
nitro. hydroxy, (l-4C)alkoxy, (l-5C)alkanoyloxy, aroyl. heteroaroyl, oxo, imino (which may 
bear a (l-6C)alkyl, (3-6C)cycloalkyl, (l-5C)alkanoyi or aroyl substituent), hydroxyimino 
(which hydroxyimino may bear a (l-4C)alkyl or a phenyl substituent on the oxygen), an 
amino group of formula NRg*Rg b an amino group of formula NRg c Rgd, ^ amidino group of 
formula C (=NR68)NR6 c RB f , and a carbamoyl group of formula CON(ORg h )Rg', but 
excluding any radical wherein a hydroxy and an oxo substituent together form a carboxy 
group, wherein an amino group of formula NRg*Rg b contains zero to seven carbon atoms and 
each of RS a and Rg b is independently hydrogen, (l-5C)alkyl or (3-6C)cycloalkyl, or the 
radical NRg a Rg b is pyrrolidine, piperidino, morpholino, thiomorpholino (or its S-oxide) or 
piperazinyl (which piperazinyl may bear a (l-3C)alkyl substituent group at the 4-position); 
and wherein Rg c is hydrogen or (l-3C)alkyl and Rg<* is (l-5C)alkanoyl, aroyl or heteroaroyl; 
or Rgd is a group of formula C(=Jg)NRg*Rg f in which Jg is oxygen, sulfur, NRgg or CHRBI; 
and wherein the amino group NRg c Rgf contains zero to seven carbon atoms and each of Rg c 
and Rg f is independently hydrogen, (l-5C)alkyl or (3-6C)cycloalkyl, or the radical NRg e Rgf 
is pyrrolidino, piperidino. morpholino, thiomorpholino (or its S-oxide) or piperazinyl (which 
piperazinyl may bear a (l-3C)alkyl substituent at the 4-position) or Rg c is hydrogen or 
(l-4C)alkyl and Rg f together with Rgg forms an ethylene or trimethylene group; Rgg is 
hydrogen, (l-4C)alkyl or together with Rg f forms an ethylene or trimethylene group; Rgi is 
cyano, nitro or S0 2 Rg k and Rgk is ( 1 -4C)alkyl or phenyl; Rgh and Rg» are independently 
(l-3C)alkyl; and in which a cyclic group which is a substituent on Zg or formed by 
substitution on Zg may bear one or more (l-3C)alkyl groups on carbon as further substituents; 
and in which any aryl or heteroaryl group which is a part of the group Zg may bear one or 
more halo, (l-4C)alkyl, (l-4C)alkoxy, cyano, trifluoromethyl or nitro substituents; 

for a radical of formula Ih, G h denotes a single bond, a double bond or a divalent 
hydrocarbon radical; J h denotes a radical joined to the ring by a single bond if G h denotes a 
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double bond or, otherwise, a radical joined by a double bond; M»> denotes a heteroatom, a 
substituted heteroatom. or a single bond: and L» denotes a hydrocarbon radical in which the 
1 -position is attached to Mh; wherein the values of G\ Jh. Mh ^ L h ^ selected from 

(a) G*> is a single bond; Jh is oxo or thioxo; Mh is oxy, thio or NRha ; an d L h is 



Lha ; 



Lha ; 



(b) Gh is a single bond: J h is NRhb; Mh is NRha ; and Lh i s Lha ; 

(c) Gh is a double bond. Jh is ORha, S Rha or N Rhc R hd ; M h is nitrogen: md L h is 



(d) Gh is methylene which may bear one or two methyl substituents; Jh is oxo. 
thioxo or NRhe : M h is oxy. thio. sulfinyl, sulfonyl or NRha : and ]_h is L hb ; 

(e) Gh is a single bond; Jh is oxo, thioxo or NRhe ; M h is nitrogen: ^ L h is L hc ; 

(f) Gh is methine. which may bear a (l-3C)alkyl substituent; Jh i s oxo, thioxo or 
NRhe ; M h is nitrogen; and L h is L hd ; 

(g) Gh is cis-vinylene, which may bear one or two methyl substituents; Jh is 
oxo. thioxo, or NRhe ; Mh is nitrogen; and L h is Lhe ; and 

(h) Gh is a single bond; Jh is oxo or thioxo; Mh is a single bond; and L h is Lhf; 

wherein 

Rha is hydrogen or (l-3C)alkyl; Rhb is hydrogen, (l-3C)alkyl, cyano, 
(l-3C)alkyisulfonyl ornitro; Rhc and Rhd are independently hydrogen or (l-3C)alkyl or the 
radical NRhc R hd ^ pyrrolidino, piperidino, morpholino, thiomorpholino (or its S-oxide) or 
piperazinyl (which piperazinyl may bear a (l-3C)alkyl substituent at the 4-position); Rhe is 
hydrogen or (l-3C)alkyl; Lha is ethylene, cis-vinylene. trimethylene or tetramethylene which 
radical Lha itself may bear one or two methyl substituents; Lhb is ethylene or trimethylene 
which radical Lhb itself may bear one or two methyl substituents; L h c i s 
prop-2-en-l-yliden-3-yi, which radical Lhc itself may bear one or two methyl substituents; 
Lhd i s cis-vinylene. which radical Lhd itself may bear one or two methyl substituents; L»« is 
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methine. which radical L he itself may bear a (l-3C)alkyl substituent; and L hf is 
4-oxabutan- 1 ,4-diyl; 

for a radical of formula Ij, XJ is ( 1 -6C)alkyl, -CH 2 ORK -CH->SRi a , 
-CH 2 S(0)RX -CH 2 S(0)2Rig- -CORK -COORJ a , -C(=Ji a )NR)bRK -C(Ri a )(ORjd)(ORi e ), 
-CH 2 N(RJ a )C(=Jja)R)f -CH 2 N(Rj a )COORis or -CH 2 N(Rja)C(=Jja)NRibRjc ; 

BJ is a direct bond and U is a hydrocarbon chain in which the 1 -position is 
bound to Bi and Li is selected from trimethylene. tetramethylene. cis-l-butenylene and 
cisxis-butadienylene; or BJ is N(R) h ) and U is a hydrocarbon chain selected from ethylene, 
trimethylene and cis-vinylene; or BJ is N and U is a hydrocarbon chain in which the 
1 -position is bound to Bi and Li is cis,cis-prop-2-en-l-ylidin-3-yl; Ji and J) a are independently 
oxygen or sulfur; RJ a ? and Ri h are independently hydrogen or (l-6C)alkyl; Rj*> and Ri c are 
independently hydrogen or (l-6C)alkyl; or the radical NRjbRjc i s pyrrolidino, piperidino, 
morpholino. thiomorpholino (or its S-oxide) or piperazinyl (which piperazinyl may bear a 
(l-3C)alkyl substituent at the 4-position); Ri d and Ri c are independently (l-3C)alkyl or 
together form a divalent hydrocarbon chain selected from ethylene and trimethylene; Rjg is 
(l-6C)alkyl; wherein any (l-6C)alkyl radical in a portion of Xi may substituted by one or two 
substituents selected from hydroxy, (l-3C)alkoxy, (l-3C)acyloxy, (l-3C)alkoxycarbonyl , 
NRi h Rii. and C(=0)NRi h Rii. wherein R) h and Rii are independently hydrogen, (l-4C)alkyl, 
(l-4C)hydroxyalkyl or ( 1 -4C)alkanoyl, or the group NRJhRjj is pyiTolidino, piperidino or 
morpholino; and 

for a radical of formula Ik, Z k is a nitrogen linked radical of formula II wherein E 1 , E 2 , E 3 
and E 4 form a divalent four membered chain (-E 1 =E 2 -E 3 =E 4 -) in which each of E 1 , E 2 , E 3 
and E 4 is methine; or in which one or two of E 1 , E 2 , E 3 and E 4 is nitrogen and the remaining 
E 1 , E 2 , E 3 and E 4 are methine; and further wherein one or more of E 1 , E 2 , E 3 and E 4 which is 
methine may bear a halo, (l-3C)alkyl, hydroxy, (l-3C)alkoxy, (l-3C)alkylthio, 
(l-3C)alkylsulfinyl or (l-3C)alkylsulfonyl substituent; and wherein the radicals G k , and 
I k (X k ) are selected from 
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(a) G k is a direct bond, I k (X k ) is a radical having the formula =C(Z k )- and F k is 
a radical selected from -CH= and -N=; 

(b) G k is a direct bond. I k (X k ) is a radical having the formula -C(=Jk). and F k is 
a radical selected from -N(R kf )-, -CH 2 -CH 2 -, -CH=CH-, -CH 2 -N(R kf )- and -CH=N-; 

(c) G k is a radical having the formula -CH 2 -. I k (X k ) is a radical having formula 
-C(=J k )- and F k is selected from -CH 2 - and -N(R k f>; and 

(d) G k is selected from -CH 2 -. -CH 2 -CH 2 -, -CH=CH- and -N=CH-, I k (X k ) is a 
radical having the formula -C(=J k )- and F k is a direct bond: wherein 

J k is oxygen or sulfur; Z k is -ORK -SR k a, -CORK -COOR ka , -C(=J k a)NR k bRkc or 
-C(R k a )(OR k d)(OR k e); J k » j s oxygen or suiftlr; Rka md Rkf ^ i ndependentlv hydrogen or 
(l-6C)alkyl; R>* and R k <= are independently hydrogen or (l-6C)alkyl; or the radical NR k bRkc 
is pyrrolidine, piperidino. morpholino, thiomorpholino (or its S-oxide) or piperazinyl (which 
piperazinyl may bear a (l-3C)alkyl substituent at the 4-position); R k <» and R k e are 
independently (l-3C)alkyl or and R k * together form ethylene or trimethylene; or Z k is an 
imido radical selected from phthalimido. succinimido. maleimido, glutarimido, and 3-oxa-, 
3-thia- and 3.azaglutarimido. in which the imido radical may bear one or more (l-3C)alkyI 
substituents and, in addition, the aromatic portion of the phthalimido may bear one or more 
halo, hydroxy or (l-3C)alkoxy substituents; 

for a radical of formula Im, R ma and R mb are Ar or Het and R">c j s selected from 
hydroxy, (l-3C)alkoxy, and (l-3C)acyloxy; or R™ is (Ar)oxy, or (Het)oxy, and Rmb and 
R«nc m hydrogen; 

for a radical of formula In, X«> is selected from hydrogen, hydroxy, (l-3C)alkoxy and 
(l-3C)acyloxy; 

for a radical of formula Ip, RP* and RPb are independently selected from hydrogen, 
hydroxy, (l-3C)alkoxy, (l-3C)acyloxy, halo, cyano, and trifluoromethyl; 
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for a radical of formula Iq, Rqa-Rfld are are independently selected from hydrogen, 
hydroxy, (l-3C)alkoxy, (l-3C)acyloxy, halo, cyano. and trifluoromethyl; 

for a radical of formula lu. Ju is oxygen or sulfur: and R ua -R"d are independently 
selected from hydrogen, (l-4C)alkyl, (l-4C)hydroxyalkyl and (l-4C)alkanoyl, or the group 
N R ua R ub or ^ group NR uc R ud is pyrrolidino, piperidino or morpholino; 

for a radical of formula Iw. w is 1 , 2, or 3; and wherein 

for a radical Q 1 . Ar is a phenyl radical or an ortho -fiised bicyclic carbocyclic 
radical of nine often ring atoms in which at least one ring is aromatic, which radical Ar may 
be unsubstituted or may bear one or more substituents selected from halo ? cyano, 
trifluoromethyl, (l-4C)alkyl, ( 1 -4C)alkoxy, methylenedioxy, hydroxy, mercapto, -S(0) n Rxa. 
(l-5C)alkanoyl, (l-5C)alkanoyloxy, nitro, NR x *>rx C> NR xd R xe , C(=NR xf )NR x 8R xh , 
CONRtbRxc and C00R x J wherein n is the integer 0, 1, or 2; R x » is (l-6C)alkyl, 
(3-6C)cycloaIkyl or phenyl (which phenyl may bear a halo, trifluoromethyl, (l-3C)alkyl or 
(l-3C)alkoxy substitutent); the radical NR xb R xc contains zero to seven carbons and each of 
Rxb and R xc is independently hydrogen, (l-5C)alkyl or (3-6C)cycloalkyl, or the radical 
NRxbRxc i s pyrrolidino, piperidino, morpholino, thiomorpholine (or its S-oxide) or 
piperazinyl (which piperazinyl may bear a (l-3C)alkyl substituent at the 4-position); and 
wherein R xd is hydrogen or (l-4C)alkyl and R™ is (l-5C)alkanoyl, benzoyl; or a group of 
formula C(=J X )NR X 8R X *» in which J x is oxygen, sulfur, NR xf or CHR xi ; R x f is hydrogen, 
(l-5C)alkyl or together with R X S forms an ethylene or trimethylene diradical, the radical 
NRXgRxh contains zero to 7 carbons and each of R x g amd Rxh is independently hydrogen, 
(l-5C)alkyl or (3-6C)cycloalkyl, or the radical NR x 8R x h is pyrrolidino, piperidino, 
morpholino, thiomorpholino (or its S-oxide) or piperazinyl (which piperazinyl may bear a 
( 1 -3C)alkyl substituent at the 4-position); or R x 8 together with R xf forms an ethylene or 
trimethylene diradical and R 5 * is hydrogen or (l-SC)alkyl; R x « is cyano, nitro, 
(l-SC)alkylsulfonyl or phenylsulfonyl; and R X J is hydrogen, (l-SC)alkyl or benzyl; and Het is 
a radical (or stable N-oxide thereof) attached via a ring carbon of a monocyclic aromatic ring 
containing five or six ring atoms consisting of carbon and one to four heteroatoms selected 
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from oxygen, sulfur and nitrogen, or an ortho-fused bicyclic heterocycle derived therefrom by 
fusing a propenylene, trimethylene, tetramethylene or benz-diradical, which radical Het may 
be unsubstituted or may be substituted on carbon by one or more of the substituents defined 
above for Ar and may be substituted on nitrogen by (1 -3C)alkyI; 

Q 2 is phenyl which may bear one or two substituents independently selected 
from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, (l-3C)alkyl and methylenedioxy; or Q2 is 
thienyl. imidazolyl, benzo[b]thiophenyl or naphthyl any of which may bear a halo 
substituent: or Q2 is biphenylyl; or Q2 is carbon-linked indolyl which may bear a benzyl 
substituent at the 1 -position; 

Q 3 is hydrogen, or (l-4C)alkyl; and 
Q 4 is -OR2 or -NR 3 R 4 : wherein 

R 2 is hydrogen. (l-6C)alkyl, (3-7C)cycloalkyl. aryl(l-3C)alkyl or 
heteroaryl(l-3C)alkyl, wherein an aryl or heteroaryl group may bear one, two or three 
substituents independently selected from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, 
(l-3C)alkyI, cyano, -SC-OfcNRSR* -NR?R8, C(=0)NR»Rl<\ an d met hylenedioxy, and 
further wherein any arylethyl, arylpropyl, heteroarylethyl or heteroarylpropyl group may 
optionally be substituted at the position a to the aryl or heteroaryl group by a group selected 
from oxo, and =NOR • ' ; 

R 3 and R 4 are independently selected from hydrogen. (l-8C)alkyl, norbornyl, 
adamantyl, quinuclidinyl, (l-6C)alkoxy, (3-7C)cycloalkyl, pyrrolidinyl, tetrahydrofuranyl, 
piperidyl, 1-benzylpiperidyl, 4,5-dihydrothiazolyl, 3,4,5,6-tetrahydrophenyl, fluorenyl, 5- 
oxo-4,5-dihydropyrazol-3-yl, aryl, heteroaryl, aryisulfinyl, arylsulfonyl, heteroarylsulfinyl, 
heteroarylsulfonyl, l-phenyl-4,5-dihydropyrazol-3-yl, l-beiizylpyrroIidm-3-yl, and a radical 
of formula VII; wherein (l-8C)alkyl may be substituted by one, two, or three substituents 
selected from, hydroxy, oxo, =NOR« «. amino, pyrrolidinyl, l-methylpyrrolidinyl, 
piperidinyl, (l-3C)alkoxy, (l-4C)alkanoyl, (l-3C)alkoxycarbonyl, (3-7C)cycloalkyl, 
adamantyl, norbornyl, quinuclidinyl, tetrahydrofuranyl, 4,5-dihydrothiazolyl, 3,4,5,6- 
tetrahydrophenyl, fluorenyl, 5-oxo-4,5-dihydropyrazol-3-yl, aryl and heteroaryl; and further 
wherein any aryl or heteroaryl group, or radical of formula VII may bear one two or three 
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substituents independently selected from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, 
(l-3C)alkyl, cyano, (l-4C)alkanoyl, C(=0)OR5, -S(=0) 2 NR5R^ -S(=0)NR5r6. -NR?R8, 

C(=O)NR 9 R ]0 , and methylenedioxy; provided that R 3 and R 4 are not both selected from (1- 
6C)alkoxy; or 

-NR 3 R 4 taken together represents a cyclic amino radical selected from 
piperazinyl, pyrrolidinyl, piperidino, 1,23,6-tetrahydropyridyl, l,2,3Atetrahydroquinolyl, 
and 1 ,2,3,4-tetrahydroisoquinolyl, which cyclic amino radical may bear one or two 
substituents independently selected from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, (1- 
4C)alkanoyl, (l-3C)alkyl, cyano. -S(0)2NRSR<\ -NR?R«, C(=0)NR*Rl<\ 
CH 2 N(R 7 )C(=0)R 8 , pyrrolidinyl. 2-(thioxo)pyrrolidinyl, piperidinyl, pyridyl, 
morpholinocarbonyl, piperidinocarbonyL 2-oxo-benzimidazolidin-l-yl, phenyl, benzyl, 
acetamidomethyl, and methylenedioxy; wherein any phenyl or phenyl portion of benzyl may 
optionally bear one, two or three substituents independently selected from halo, 
trifluoromethyl, hydroxy, (l-3C)alkoxy, (l-3C)alkyl, or cyano; or 

-NR 3 R 4 taken together represents an amino radical selected from radicals of 
formulae VIII, IX, and X. 

E is selected from -O-, -S-, -N(R l4 >, -S(=0)- and -S(0) r ; 

m is 1 or 2; and 

R 5 -R l 1 are independently selected from hydrogen and (l-3C)alkyl 
or the N-oxide of the nitrogen in Q 1 indicated by A in formulae Ia-Ix (or of 
either basic piperazinyl nitrogen of Q 1 when Z a is nitrogen); 

or a pharmaceutical^ acceptable salt thereof; 

or a quaternary ammonium salt thereof in which the nitrogen in Q 1 indicated by 
A in formulae Ia-Ix (or either basic piperazinyl nitrogen of Q* when Z a is nitrogen) is a 
quadricovalent ammonium nitrogen wherein the fourth radical on the nitrogen R 1 is 
(l-4C)alkyl or benzyl and the associated counterion A is a pharmaceutical ly acceptable anion. 

A particular sub-set of compounds of the invention are compounds of formula I 

wherein: 
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Q 1 is a radical selected from the group of radicals of formulae la, lb. Ic, Id, Ie. 
If, Ig. Ih, Ij and Ik wherein 

for a radical of formula la. Z a is nitrogen or a group CRad in which Rad is 
hydrogen or R»d together with R*c and the existing carbon to carbon bond forms a double 
bond: Raa is Ar or Het; Rab j s hydrogen and Rac is hydrogen or hydroxy or Rac together with 
R ad and the existing carbon to carbon bond forms a double bond, or Rac and Rad together 
form a diradical -(CH 2 ) r in which j is an integer from 1 to 5; or Rab and Rac together form a 
diradical -(CH 2 ) k - in which k is an integer from 2 to 6. or Rab and Rac together are oxo or 
dialkylaminoalkyloxyimino of formula =N-0-(CH 2 ) q -NR«Raf in which q is the integer 2 or 
3 and R« and Raf are independently hydrogen or (1 -4C)alkyL or the radical NRaeRaf is 
pyrrolidino, piperidino or morpholino; 

for a radical of formula lb, 7> is a substituted imino group RbaN or R ba CH 2 N in 
which Rba i s (3-7C)cycIoakyl, Ar or Het; or Z»> is a disubstituted methylene group 
Rbb(CH 2 ) p -C-Rbc in which Rbb is Ar or Het; p is the integer 0 or 1; and Rbc is hydrogen, 
hydroxy, (l-4C)alkoxy, (l-4C)alkanoyloxy, COORbd (wherein Rbd is hydrogen or 
(l-3C)alkyl), cyano, NRbcRbf or SR bg in which Rbe ^ Rb f ^ independently hydrogen, 
(l-4C)alkyl, (l-4C)hydroxyalkyl or (l-4C)alkanoyl, or the radical NRbeRbf is pyrrolidino, 
piperidino or morpholino; and Rbg is hydrogen or (1 -4C)alkyl; or Rbc forms a double bond 
with the carbon atom to which it is bonded and with the adjacent carbon atom in the 
piperidine ring; or Zb is a disubstituted methylene group Rbh C Rbi wh ich forms a spirocyclic 
ring wherein Rbh i s phenyl which is joined by an ortho-substituent diradical Xb to Rbi in 
which the phenyl Rbh may bear a further substituent selected from halo, (l-3C)alkyl, 
(l-3C)alkoxy, hydroxy, (l-3C)alkylthio, (l-3C)alkylsulfinyl and (l-3C)alkylsulfonyl; the 
diradical Xb is methylene, carbonyl or sulfonyl; and Rbi is oxy or imino of formula -NRbj- in 
which Rbj is hydrogen or (l-3C)aIkyl; 

for a radical of formula Ic, R<» i s Ar or Het; and Z* is oxo, thio, sulfinyl, 
sulfonyl or imino of formula -NR«=b. m which Rcb i s (l-3C)alkyl or R CC R«*N-(CH2) - in 
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which q is the integer 2 or 3 and in which R cc and R cd are independently hydrogen or 
(l-3C)alkyi or the radical R CC R«*N is pyrrolidine, piperidino or morpholino; 

for a radical of formula Id. R da is 1 , 2 or 3; 

for a radical of formula Ie. J e is oxygen, sulfur or NR ca in which R ea is hydrogen 
or (l-3C)alkyl; R cl > is hydrogen, (l-6C)alkyl which may bear a hydroxy substituent and/or 
one to three fluoro substituents, (3-6C)alkenyl (in which a vinyl carbon is not bound to 
nitrogen), 2-hydroxyethyl, (3-7C)cyloalkyl. Ar or Het; is hydrogen, (l-6C)alkyl which 
may bear a hydroxy substituent and/or one to three fluoro substituents, (3-6C)cycloalkyl, 
(l-5C)alkoxy (only when J e is oxygen), (3-6C)cycloalkoxy (only when J* is oxygen), or an 
amino group of formula NR cd R cc containing zero to seven carbon atoms in which each of R cd 
and R ec is independently hydrogen, (l-SC)alkyl or (3-6C)cycloalkyl, or the radical NR cd R ce 
is pyrrolidino, piperidino. morpholino, thiomorpholino (or its S-oxide) or piperazinyl (which 
piperazinyl group may bear a (l-3C)alkyl substituent at the 4-position); 

for a radical of formula If, J f is oxygen, sulfur or NR fa in which R fa is hydrogen 
or (1 -3C)alkyl; L f is a divalent hydrocarbon group in which the 1 -position is bound to the 
carbon bearing the group J f , the divalent group L f being selected from trimethylene, 
cis-propenylene, tetramethylene, cis-butenylene, cis-but-3-enylene, cis,cis-butadienylene, 
pentamethylene and cis-pentenylene which divalent group L f itself may bear one or two 
methyl substituents; 

for a radical of formula Ig, Zfi is (l-8C)alkyl or (3-8C)cycloalkyl which may bear one 
or more substituents selected from the group consisting of halo, (3-6C)cycloalkyl, cyano, 
nitro, hydroxy, (l-4C)alkoxy, (l-5C)alkanoyloxy, aroyl, heteroaroyl, oxo, imino (which may 
bear a (l-6C)alkyl, (3-6C)cycloalkyl, (l-SC)alkanoyl or aroyl substituent), hydroxyimino 
(which hydroxyimino may bear a (l-4C)alkyl or a phenyl substituent on the oxygen), an 
amino group of formula NR* a RS b , an amino group of formula NR8 c R8 d , an amidino group of 
formula C(=NRgg)NRgcRgf and a carbamoyl group of formula CON(ORg h )Rg>, but 
excluding any radical wherein a hydroxy and an oxo substituent together form a carboxy 
group, wherein an amino group of formula NRB a RB b contains zero to seven carbon atoms and 
each of R8 a and Rgb is independently hydrogen, (l-5C)alkyl or (3-6C)cycloalkyl, or the 
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radical NR8 a Rgb is pyrrolidino, piperidino, morpholino. thiomorpholino (or its S-oxide) or 
piperazinyl (which piperazinyl may bear a (l-3C)alkyl substituem group at the 4-position); 
and wherein Rgc j s hydrogen or (l-3C)alkyl and Rg<* is (l-5C)alkanoyl, aroyl or heteroaroyl; 
or RS d is a group of formula C(=Jg)NRgeRgf in which JS is oxygen, sulfur. NRI8 or CHR&i; 
and wherein the amino group NRseRgf contains zero to seven carbon atoms and each of RI« 
and RS f is independently hydrogen, ( 1 -5C)alkyl or (3-6C)cycloalkyl, or the radical NR8 e Rgf 
is pyrrolidino, piperidino. morpholino. thiomorpholino (or its S-oxide) or piperazinyl (which 
piperazinyl may bear a (l-3C)alkyl substituem at the 4-position) or Rge is hydrogen or 
(l-4C)alkyl and Rg f together with Rgg forms an ethylene or trimethylene group; Rgg is 
hydrogen. (l-4C)alkyl or together with Rgf forms an ethylene or trimethylene group; RgJ is 
cyano. nitro or SOjRgk and Rgk is (l-4C)alkyl or phenyl; Rgh and Rgi are independently 
(I-3C)alkyl; and in which a cyclic group which is a substituent on Zg or formed by 
substitution on Zg may bear one or more (l-3C)alkyl groups on carbon as further substituents; 
and in which any aryl or heteroaryl group which is a part of the group Zg may bear one or 
more halo, (l-4C)alkyl, (l-4C)alkoxy, cyano. trifluoromethyl or nitro substituents; 

for a radical of formula Ih, G h denotes a single bond, a double bond or a divalent 
hydrocarbon radical; Jh denotes a radical joined to the ring by a single bond if Gh denotes a 
double bond or. otherwise, a radical joined by a double bond; Mh denotes a heteroatom, a 
substituted heteroatom, or a single bond; and L h denotes a hydrocarbon radical in which the 
1 -position is attached to M h ; wherein the values of G h , Jh, Mh and Lh are selected from 

(a) G h is a single bond; Jh is oxo or thioxo; M h is oxy, thio or NR ha ; and L h is 



L ha ; 



Lh"; 



(b) G h is a single bond; Jh is NRhb ; Mh is NRha ; and L h is L h »; 

(c) Gh is a double bond, Jh is OR»» SRha or NRhcRhd; M h IS nitrogen; and Lh is 



(d) G h is methylene which may bear one or two methyl substituents; J h is oxo, 
thioxo or NRhe; Mh is oxy, thio, sulfinyl, sulfonyl or NRha ; and L h is L hb ; 
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(e) G h is a single bond; J h is oxo. thioxo or NR hc ; M h is nitrogen; and L h is L hc ; 

(f) G h is methine, which may bear a (I-3C)alkyl substituent: J b is oxo, thioxo or 
NR he ; M h is nitrogen: and L h is L hd ; 

(g) G h is cis-vinylene, which may bear one or two methyl substituents; J h is 
oxo, thioxo, or NR he ; M h is nitrogen; and L h is L he ; and 

(h) G h is a single bond; J h is oxo or thioxo; M h is a single bond; and L h is L hf ; 

wherein 

R ha is hydrogen or (l-3C)alkyl; R hb is hydrogen, (l-3C)alkyl. cyano, 
(l-3C)alkylsulfonyl or nitro; R hc and R hd are independently hydrogen or (l-3C)alkyl or the 
radical NR hc R hd is pyrrolidino, piperidino. morpholino, thiomorpholino (or its S-oxide) or 
piperazinyl (which piperazinyl may bear a (l-3C)alkyl substituent at the 4-position); R b * is 
hydrogen or (l-3C)alkyl; L ha is ethylene, cis-vinylene, trimethylene or tetramethylene which 
radical L ha itself may bear one or two methyl substituents; L hb is ethylene or trimethylene 
which radical L hb itself may bear one or two methyl substituents; L hc is 
prop-2-en-l-yliden-3-yl, which radical L hc itself may bear one or two methyl substituents; 
L hd is cis-vinylene, which radical L hd itself may bear one or two methyl substituents; L hc is 
methine. which radical L he itself may bear a (l-3C)alkyl substituent; and L hf is 
4-oxabutan- 1 ,4-diy 1; 

for a radical of formula Ij, X> is (l-6C)alkyI, -CH 2 OR) a , -CH 2 SRi a , 
-CH 2 S(0)Rig, •CH 2 S(0) 2 R)g, -CORi a , -COORi a , -C(=JJ a )NRjbRjc > -C(R>)(ORi d )(ORje), 
-CH 2 N(RJ a )C(=Ji a )Rjf -CH 2 N(Ri a )COORjg or -CH 2 N(Rj a )C(=JJ a )NRi b Ric ; 

Bi is a direct bond and Li is a hydrocarbon chain in which the 1 -position is 
bound to B) and Li is selected from trimethylene, tetramethylene, cis-l-butenylene and 
cis,cis-butadienylene; or Bi is N(RJ h ) and Li is a hydrocarbon chain selected from ethylene, 
trimethylene and cis-vinylene; or Bi is N and Li is a hydrocarbon chain in which the 
1 -position is bound to Bi and Li is cis,cis-prop-2-en-l-ylidin-3-yl; li and Ji a are independently 
oxygen or sulfur; Ri a , R) f and Ri h are independently hydrogen or (l-6C)alkyl; Ri b and Ri c are 
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independently hydrogen or (l-6C)alkyl; or the radical NRJbRjc is pyrrolidino, piperidino, 
morpholino. thiomorpholino (or its S-oxide) or piperazinyl (which piperazinyl may bear a 
(l-3C)alkyl substituent at the 4-position); Rtf and Ri* are independently (l-3C)alkyl or 
together form a divalent hydrocarbon chain selected from ethylene and trimethylene; Rig is 
(l-6C)alkyl:and 

for a radical of formula Ik. Z k is a nitrogen linked radical of formula II wherein E 1 . E 2 . E 3 
and E 4 form a divalent four membered chain (-E »=E 2 -E 3 =E 4 -) in which each of E>, E 2 , E 3 
and E 4 is methine; or in which one or two of El, E 2 , E 3 and E 4 is nitrogen and the remaining 
E». E 2 . E 3 and E 4 are methine; and further wherein one or more of E», E 2 E 3 and E 4 which is 
methine may bear a halo, (l-3C)alkyl, hydroxy, (l-3C)alkoxy, (l-3C)alkylthio, 
(l-3C)alkylsulfinyl or (l-3C)alkylsulfonyl substituent: and wherein the radicals F k . G k , and 
I k (X k ) are selected from 

(a) G k is a direct bond, I k (X k ) is a radical having the formula =C(2 k )- and F k is 
a radical selected from -CH= and -N=; 

(b) G k is a direct bond, I k (X k ) is a radical having the foimuia -C(=J k )- and F k is 
a radical selected from -N(R k *)-, -CH 2 -CH 2 -, -CH=CH-, -CH 2 -N(R k f)- and -CH=N-; 

(c) G k is a radical having the formula -CH 2 -, I k (X k ) is a radical having formula 
-C(=J k )- and F k is selected from -CH 2 - and -N(RW)-; and 

(d) G k is selected from -CH 2 -, -CH 2 -CH 2 -, -CH=CH- and -N=CH-, I»<(X k ) is a 
radical having the formula -C(=J k )- and F k is a direct bond; wherein 

J k is oxygen or sulfur; Z k is -OR k * -SR^, -COR'", -COOR k a, -C(=jto»)NR k bRkc or 
-COl^XORkdXOR^); J k a is oxygen or sulfur; R^ and R k f are independently hydrogen or 
(l-6C)alkyl; RM> and R k «= are independendy hydrogen or (l-6C)alkyl; or the radical NR k bRkc 
is pyrroUdino, piperidino, morpholino, thiomorpholino (or its S-oxide) or piperazinyl (which 
piperazinyl may bear a (1 -3C)alkyl substituent at the 4-position); R^ and R k « are 
independendy (l-3C)alkyl or R k <» and R k « together form ethylene or trimethylene; or Z k is an 
imido radical selected from phthalimido. succinimido, maleimido, glutarimido, and 3-oxa-, 
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3-thia- and 3-azaglutarimido, in which the imido radical may bear one or^pore (l-3C)alkyl 
substituents and* in addition, the aromatic portion of the phthalimido may bear one or more 
halo, hydroxy or (l-3C)alkoxy substituents: and wherein 

for a radical Q 1 , Ar is a phenyl radical or an ortho-fused bicyclic carbocyclic 
radical of nine often ring atoms in which at least one ring is aromatic, which radical Ar may 
be unsubstituted or may bear one or more substituents selected from halo, cyano, 
trifluoromethyl, (l-4C)alkyl, (l-4C)alkoxy, methylenedioxy, hydroxy, mercapto, -S(0) n R x *, 
(l-5C)alkanoyl, (l-5C)alkanoyloxy, nitro. NR xb R xc , NR xd R x «, C(=NR x f)NR x SRxli, 
CONR xb R xc and COOR x J wherein n is the integer 0, 1, or 2; R xa is ( 1 -6C)alkyI, 
(3-6C)cycloalkyl or phenyl (which phenyl may bear a halo, trifluoromethyl, (l-3C)alkyl or 
( 1 oQalkoxy substitutent); the radical NR xb R xc contains zero to seven carbons and each of 
R xb and R xc is independently hydrogen, (l-5C)alkyl or (3-6C)cycloalkyl, or the radical 
NR xb R xc is pyrrolidine, piperidino. morpholino, thiomorpholine (or its S-oxide) or 
piperazinyl (which piperazinyl may bear a (l-3C)alkyl substituent at the 4-position); and 
wherein R x ^ is hydrogen or (l-4C)alkyl and R x * is (l-5C)alkanoyl, benzoyl; or a group of 
formula C(=J x )NR x 8R xh in which J x is oxygen, sulfur, NR xf or CHR X '; R xf is hydrogen, 
(l-SC)alkyl or together with R X S forms an ethylene or trimethylene diradical, the radical 
NRxgRxh contains zero to 7 carbons and each of R X S amd R 31 * 1 is independently hydrogen, 
(l-5C)alkyl or (3-6C)cycloalkyl, or the radical NR^R 3 ^ is pyrrolidino, piperidino, 
morpholino, thiomorpholino (or its S-oxide) or piperazinyl (which piperazinyl may bear a 
(l-3C)alkyl substituent at the 4-position); or R x 6 together with R xf forms an ethylene or 
trimethylene diradical and R^ is hydrogen or (1 -5C)alkyl; R xi is cyano, nitro, 
(l-SC)alkylsulfonyl or phenylsulfonyl; and R x i is hydrogen, (l-SC)alkyl or benzyl; and Het is 
a radical (or stable N-oxide thereof) attached via a ring carbon of a monocyclic aromatic ring 
containing five or six ring atoms consisting of carbon and one to four heteroatoms selected 
from oxygen, sulfur and nitrogen, or an ortho-fused bicyclic heterocycle derived therefrom by 
fusing a propenylene, trimethylene, tetramethylene or benz-diradical, which radical Het may 
be unsubstituted or may be substituted on carbon by one or more of the substituents defined 
above for Ar and may be substituted on nitrogen by (l-3C)alkyl; 
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Q 2 is phenyl which may bear one or two substituems independently selected 
from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, (l-3C)alkyl and methylenedioxy: or Q2 
thienyl. imidazolyl, benzo[b]thiophenyl or naphthyl any of which may bear a halo 
substituent; or Q2 i s biphenylyl; or Q2 is carbon-linked indolyl which may bear a benzyl 
substituent at the 1 -position; 

Q 3 is hydrogen, or (l-4C)alkyl; and 
Q 4 is -OR2 or -NR3R4; wherein 

R 2 is hydrogen, (l-6C)alkyl, (3-7C)cycIoalkyl. aryl(l-3C)alkyl or 
heteroaryl(l-3C)alkyl, wherein an aryl or heteroaryl group may bear one, two or three 
substituems independently selected from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, 
(l-3C)alkyl. cyano. -S^O^NR^. . NR 7r8. C(=O)NR9rI0, ^ methylenedioxy, and 
further wherein any arylethyl, arylpropyl. heteroarylethyl or heteroarylpropyl group may 
optionally be substituted at the position a to the aryl or heteroaryl group by a group selected 
from oxo, and =NOR 1 1 ; 

R 3 and R« are independently selected from hydrogen, (l-6C)alkyl, 
(3-7C)cycIoalkyl. aryl, heteroaryl, aryl(l-3C)alkyl and heteroaryl(l-3C)alkyl, wherein any 
aryl or heteroaryl group may bear one two or three substituems independently selected from 
halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, (l-3C)alkyl, cyano, -S(=0) 2 NR5R6, -NR?R8, 
C(=O)NR9Rl0 ? and methylenedioxy, and further wherein any arylethyl, arylpropyl, 
heteroarylethyl or heteroarylpropyl group may optionally be substituted at the position a to 
the aryl or heteroaryl group by a group selected from oxo, and =NOR> >; or 

-NR 3 R 4 taken together represents a cyclic amino radical selected from 
pyrrolidinyI,pipcridino, 1,2,3,6-tetrahydropyridyl, 1,2,3,4-tetrahydroquinolyl, and 
1,23,4-tetrahydroisoquinolyl, which cyclic amino radical may bear one or two substituems 
independently selected from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, (l-3C)alkyl, 
cyano, -S(=0)2NR5r6, -NR7R8, C(=0)NR9RH\ phenyl, acetamidomethyl, and 
methylenedioxy; and 

R 5 -R' 1 are independently selected from hydrogen and (l-3C)alkyl 
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or the N-oxide of the nitrogen in Q 1 indicated by A in formulae la-Ik (or of 
either basic piperazinyl nitrogen of Q 1 when Z a is nitrogen); 

or a pharmaceutical ly acceptable salt thereof; 

or a quaternary ammonium salt thereof in which the nitrogen in Ql indicated by 
A in formulae la-Ik (or either basic piperazinyl nitrogen of Q 1 when Z a is nitrogen) is a 
quadricovalent ammonium nitrogen wherein the fourth radical on the nitrogen Rl is 
(1 -4C)alkyl or benzyl and the associated counterion A is a pharmaceutical^ acceptable anion 

Another particular sub-set of compounds of the invention are compounds of 
formula I wherein: 

Q 1 is 4-hydroxy-4-phenylpiperidino, 4-acetamido-4-phenylpiperidino, 
4-(2-methylsulfinylphenyl)piperidino. 4-(2-oxopiperidino)piperidino, or 
4-(2-oxoperhydropyrimidin- 1 -yl)piperidino; 

Q 2 is phenyl which may bear one or two substituents independently selected 
from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, (l-3C)alkyl and methylenedioxy; or Q 2 is 
thienyL imidazolyl, benzo[b]thiophenyl or naphthyl any of which may bear a halo 
substituent; or Q 2 is biphenylyl; or Q 2 i s carbon-linked indolyl which may bear a benzyl 
substituent at the 1 -position; 

Q 3 is hydrogen; and 

Q 4 is -OR 2 or -NR 3 R 4 ; wherein 

R 2 is hydrogen, (l-6C)alkyl, (3-7C)cycloalkyl, aryl(l-3C)alkyl or 
heteroaryl(l-3C)alkyl, wherein an aryl or heteroaryl group may bear one, two or three 
substituents independently selected from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, 
(l-3C)alkyl, cyano, -SCO^NRSrS, -NR?R8, C(O)NR*Rl0, ^ methylenedioxy; 

R 3 and R 4 are independently selected from hydrogen, (l-6C)alkyl, 
(3-7C)cycloalkyl, aryl, heteroaryl, aryl(l-3C)alkyl and heteroaryl(l-3C)alkyl, wherein any 
aryl or heteroaryl group may bear one two or three substituents independently selected from 
halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, (l-3C)alkyl, cyano, -S(=0) 2 NR 5 R6, -NR7R8, 
C(=O)NR9Ri0 > and methylenedioxy; or 
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the group -NR3R 4 taken together represents a cyclic amino radical selected from 
pyrrolidinyl, piperidino. 1,2,3,6-tetrahydro-pyridyl, 1,2.3.4-tetrahydroquinolyl. and 
1.2.3.4-tetrahydroiso-quinolyl. which cyclic amino radical may bear one or two substituents 
independently selected from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, (l-3C)alkyl. 
cyano. -S(=0)2NR5R6, -NR7R8, C(=O)NR9Rl0, phenyl, acetamidomethyl. and 
methylenedioxy; and 

R 5 -R' 1 are independently selected from hydrogen and (l-3C)alkyl: 

or the N-oxide of the nitrogen in Q 1 ; 

or a pharmaceutically acceptable salt thereof; 

or a quaternary ammonium salt thereof in which the nitrogen in Q» is a 
quadricovalent ammonium nitrogen wherein the fourth radical on the nitrogen R> is 
(l-4C)alkyl or benzyl and the associated counterion A is a pharmaceutically acceptable anion. 

It will be appreciated that a compound of formula I may contains one or more 
asymmetically substituted carbon atoms and that such a compound may be isolated in 
optically active, racemic and/or diastereomeric forms. A compound may exhibit 
polymorphism. It is to be understood that the present invention encompasses any racemic, 
optically-active, diastereomeric, polymorphic or stereoisomeric form, or mixture thereof, 
which form possesses NK1 and NK2 antagonist properties, it being well known in the art 
how to prepare optically-active forms (for example, by resolution of the racemic form or by 
synthesis from optically-active starting materials) and how to determine the NK1 and NK2 
antagonist properties by the standard tests known in the art and those described hereinafter. It 
may be preferred to use the compound of formula I in a form which is characterized as 
containing, for example, at least 95%, 98% or 99% enantiomeric excess of the form which is 
of the (SHonfiguration at the center indicated by * in formula I. 

In this specification R« Rb Rl, R2, et cetera stand for generic radicals and have 
no other significance. It is to be understood that the generic terms "(l-3C)alkyl" and 
"(l-6C)alkyr include both straight and branched chain alkyl radicals but references to 
individual alkyl radicals such as "propyl" embrace only the straight chain ("normal") radical, 
branched chain isomers such as "isopropyl" being referred to specifically. A similar 
convention applies to other generic groups, for example, alkoxy, alkanoyl, et cetera Halo is 
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fluoro. chloro. bromo or iodo. Aryl denotes a phenyl radical or an orthg - fused bicyclic 
carbocyclic radical having about nine to ten ring atoms in which at least one ring is aromatic. 
Heteroaryl encompasses a radical of a monocyclic aromatic ring containing five ring atoms, 
consisting of carbon and one to four heteroatoms selected from oxygen, sulfur and nitrogen or 
containing six ring atoms consisting of carbon and one or two nitrogens, as well as a radical 
of an QilhQ-ftised bicyclic heterocycle of about eight to ten atoms derived therefrom, 
particularly a benz-derivative or one derived by fusing a propenylene, trimethylene of 
tetramethylene diradical thereto, as well as a stable N-oxide thereof. 

Particular values listed below for radicals, substituents and ranges are for 
illustration only and they do not exclude other defined values or other values within defined 
ranges for the radicals and substituents. 

A particular value for Ar is phenyl which may be unsubstituted or may bear a 
chloro. methyl, methoxy, hydroxy or methylsulfinyl substituent. A particular value for Het 
is furyl. thienyl, 2-imidazolyl, l,3,4-oxadiazol-2-yl, pyridyl or pyrimidinyl which ring may be 
unsubstituted or may bear a chloro, methyL methoxy, hydroxy, methylsulfinyl, 
methoxycarbonyl or ethoxycarbonyl substituent. A particular value for aryl is phenyl A 
particular value for heteroaryl is furyl, pyridyl, imidazolyl. indolyl or pyrimidinyl. A 
particular value for halo is chloro or bromo. A particular value for (1 -3C)alkyl is methyl, 
ethyl, propyl or isopropyl; for (l-4C)alkyl is methyl, ethyl, propyl, isopropyl, butyl, isobutyl 
or t-butyl; for (l-SC)alkyl is methyl, ethyl, propyl, isopropyl, butyl, isobutyl, i-butyl, pentyl 
or isopentyl; for (l-6C)alkyl is methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, 
pentyl, isopentyl, hexyl or isohexyl; and for (l-8C)alkyl is methyl, ethyl, propyl, isopropyl, 
isopentyl, 1-ethylpropyl, hexyl, isohexyl, 1-propylbutyi, or octyl. A particular value for 
(3-6C)cycloalkyl is cyclopropyl, cyclopentyl or cyclohexyl; for (3-7C)cycloalkyl is 
cyclopropyl, cyclopentyl, cyclohexyl or cycloheptyl; and for (3-8C)cycloalkyl is cyclopropyl, 
cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl. A particular value for (3-6C)alkenyl is 
allyl, 2-butenyl or 3-methyl-2-butenyl. A particular value for (l-4C)alkanoyl is formyl, 
acetyl, propionyl, butyryl or isobutyryl; and for (l-SC)alkanoyl is formyl, acetyl, propionyl, 
butyryl, isobutyryl, valeryl, isovaleryl or pivaloyl. 
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A more particular value for Ar is phenyl which may be unsubstituted or may 
bear a methoxy, or hydroxy substitucnt. A more particular value for Het is pyridyl or 
pyrimidinyl which ring may be unsubstituted or may bear a methoxy, hydroxy or 
methylsulfinyl substituent. A more particular value for heteroaryl is pyridyl. A more 
particular value for halo is chloro. A more particular value for ( 1 -3C)alkyl is methyl; for 
(l-4C)alkyl is methyl or ethyl: for (l-5C)alkyl is methyl, ethyl, propyl or isopropyl; for 
(l-6C)alkyl is methyl, ethyl, propyl, isopropyl. butyl, isobutyl or l-butyl; and for (l-8C)alkyl 
is methyl, ethyl, propyl, isopropyl. 1-ethylpropyl or 1-propylbutyl. A more particular value 
for (3-6C)cylcoalkyl is cyclopropyl or cyclopentyl; for (3-7C)cycloalkyl is cyclopropyl or 
cyclopentyl; and for (3-8C)cycloalkyl is cyclopropyl, cyclopentyl, cyclohexyl or cycloheptyl. 
A more particular value for (3-6C)alkenyl is allyl. A more particular value for 
(l-4C)alkanoyl is formyl or acetyl; and for (l-5C)alkanoyl is formyl, acetyl, propionyl, 
butyryl or isobutyryl. 

A particular value for Q l is 4.hydroxy-4-phenylpiperidino, 
4-acetamido-4-phenylpiperidino, 4-(2-methylsulfinylphenyl)piperidino, 
4.(2-oxopiperidino)piperidino, or4^2^xopemydxopyrimidin-l-yl)piperidino; for Q2 
3,4-dichlorophenyi, or 3,4-methylenedioxyphenyl; for is hydrogen; and for Q* is 
benzylamino, 4-phenylpiperidino, 4-methoxybenzylamino, cyclohexylamino, 
4-methylbenzylamino, (benzyl)(methyl)amino, (methylXphenyl)amino, phenylamino, 
ben2yloxy, (2-methoxybenzyl)-(methyl)amino, 

[3,5-bis(trifluoromemyl)benzyl](methyl)amino, 2-methoxybenzylamino, ethoxy, (3,5- 
dichloro-2-methoxyben2yl)amino, N-[3,5-dicWoro-2-memoxybenzyl]-N-memylamino, a 
radical of formula VII wherein E is oxy and m is 1 ; a radical of formula VII wherein E is oxy 
and m is 2; or 3,5-bis(trifluoromethyl)ben2ylamino. 

A more particular value for Q» is 4-acetamido-4-phenyl-piperidino or 
4-hydroxy-4-phenylpiperidino; for Q 2 is 3,4-dichlorophenyl; and for Q* is 
(2-methoxybenzyl)(methyl)amino. 

A particular group of compounds of formula I are compounds wherein Q 1 is a 
radical of formulae la, lb, Ic, Id, Ie, If, Ig, In, Ij , Ik Im, In, Ip, Iq, Ir, Iu, Iv, Iw, or Ix. 
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A particular group of compounds of formula I are compounds wherein Q 1 is a 
radical of formulae Ie. If, Ig, Ih, Ij or Ik.. 

A particular group of compounds of formula I are compounds of formula III 
wherein. Q l and Q 4 have any of the values defined above. 

A particular group of compounds of formula I are compounds wherein Q 4 is 

-OR2. 

A particular group of compounds of formula I are compounds wherein Q 4 is 

NR 3 R 4 . 

A more particular group of compounds of formula I are compounds of formula 
III wherein Q 1 is a radical of formulae Ie, If, Ig, Ih, Ij or Ik. 

A more particular group of compounds of formula I are compounds of formula 
III wherein. Q 4 is -OR 2 . 

A more particular group of compounds of formula I are compounds of formula 
III wherein, Q 4 is NR 3 R 4 . 

A more particular group of compounds of formula I are compounds wherein Q 1 
is a radical of formulae Ic, Id, Ie, If, Ig, Ih, Ij , Ik Im, In, Ip, Iq, lr, Iu, Iv, Iw, or Ix as defined 
above, or a radical of formula lb wherein Z b is a substituted imino group R^N or R ba CH->N 
in which R b * i s (3-7C)cycloakyl, An Het, Ar(carbonyl). Het(carbonyl), CH 2 NR**Rbf 
C(»0)NR*RW CH 2 C(=0)NRbcRbf ; or Z b is a disubstituted methylene group 
R bb (CH 2 ) p -C-R bc in which R bb is Ar or Het; p is the integer 0 or 1 ; and R bc is hydrogen, 
hydroxy, (l-4C)alkoxy, (l-4C)alkanoyloxy, COORW (wherein R b <* is hydrogen or 
(I-3C)alkyl), cyano, CH 2 NR bc R bf , C(=0)NR b eR b f NR^Rbf or SR b 8 in which R b « and R b ? 
are independently hydrogen, (l-4C)alkyl, (l-4C)hydroxyalkyl or (l-4C)alkanoyl, or the 
radical NR be R bf is pyrrolidino, piperidino or morpholino; and R b fi is hydrogen or 
(l-4C)alkyl. 

Phannaceutically acceptable salts of a compound of formula I include those 
made with a strong inorganic or organic acid which affords a physiologically acceptable 
anion, such as, for example, hydrochloric, sulfuric, phosphoric, methanesulfonic, or 
paia-toluenesulfonic acid. 
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A compound of formula I may be made by processes which include processes 
known in the chemical art for the production of structurally analogous heterocyclic 
compounds. Such processes and intermediates for the manufacture of a compound of formula 
I as defined above are provided as further features of the invention and are illustrated by the 
following procedures in which the meanings of generic radicals are as defined above unless 
otherwise indicated: 

(a) Acylating an amine of formula -NR3R4 ^ ester of formula IV 
wherein R«2 is a suitable alkyl radical such as for example (l-3C)alkyl. The acylation may 
conveniently be carried out in a suitable solvent, such as for example diethyl ether, benzene 
or toluene, at a suitable temperature such as for example a temperature in the range of -50 to 
100 °C preferably in the range of 0 to 60 °C. The reaction may conveniently be carried out in 
the presence of a trialkyl aluminum compound such as trimethylaluminum. Suitable 
conditions for the acylation are described in Example 1 . 

(b) For an acid addition salt of a compound of formula I. treating a 
corresponding compound of formula I which is in the free-base form, with an acid. The salt 
may conveniently be formed in a suitable solvent, such as for example diethyl ether, benzene 
or toluene. Suitable conditions for the formation of an acid-addition salt of a compound of 
formula I can be found at Example 2. 

(c) Alkylating an amine of formula Q»-H with an aldehyde of formula V 
by reductive alkylation. The alkylation may conveniently be carried out under conventional 
reductive alkylation conditions, for example by the in situ acid-catalyzed formation of an 
inuninium salt, followed by reduction with sodium cyanoborohydride in alcoholic solvent. 
The reaction may be carried out in a suitable solvent at a temperature in the range of -20 to 
100 °C, preferably in the range of 0 to 50 °C. Suitable conditions for the alkylation I can be 
found at Example 9. 

(d) Acylating an amine of formula -NR3R4, with an acid of formula IV 
wherein R«2 is a hydrogen. The acylation may conveniently be carried out in a suitable 
solvent, such as for example N,N-dimethylformarnide or tetrahydrofuran, at a suitable 
temperature such as for example a temperature in the range of -50 to 100 °C preferably in the 
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range of 0 to 60 °C in the presence of a conventional coupling reagent. Suitable conditions 
for the acylation are described in Example 10. 

(e) Alkylating an amine of formula Q 1 -H with an alkylating agent of 
formula VI in which Y is a conventional leaving group such as for example iodide, bromide, 
methanesulfonate, p-toluenesulfonate. or trifluoromethanesulfonate. The reaction may be 
carried out under standard conditions for example in a suitable solvent at a temperature in the 
range of -20 to 100 °C, preferably in the range of 0 to 50 °C. 

(f) For an N-oxide of the nitrogen in Q 1 indicated by A in formulae Ia-Ix 
(or of either basic piperazinyl nitrogen of Q 1 when Z a is nitrogen); oxidizing the nitrogen of a 
corresponding compound of formula 1 using a conventional procedure, such as, for example, 
using hydrogen peroxide in methanol, peracetic acid. 3-chloroperoxybenzoic acid in an inert 
solvent (such as dichloromethane) or dioxirane in acetone. 

(g) For a quaternary ammonium salt of the nitrogen in Q 1 indicated by A 
in formulae Ia-Ix (or either basic piperazinyl nitrogen of Q 1 when Z a is nitrogen), alkylating 
the nitrogen in a corresponding compound of formula 1 with an alkylating agent of formula 
R 1 Y wherein Y is a leaving group. 

(h) For a compound of formula I which bears a sulfinyl group, oxidizing 
the sulfur of a corresponding compound of formula I which bears a sulfide group using a 
conventional method. 

(i) For a compound of formula I which bears a sulfonyl group, oxidizing a 
sulfide or sulfinyl group of a corresponding compound of formula I using a conventional 
method. 

(j) For a compound of formula I which bears an aromatic hydroxy group, 
cleaving the ether of a corresponding compound of formula I which bears an aromatic alkoxy 
group using a conventional method. 

It may be desired to optionally use a protecting group during all or portions of 
the above described processes; the protecting group then may be removed when the final 
compound is to be formed. 

Whereafter, for any of the above procedures, when a pharmaceutically 
acceptable salt of a compound of formula I is required, it may be obtained by reacting the 
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compound of formula I with an acid affording a physiologically acceptable counterion or by 
any other conventional procedure. 

It will also be appreciated that certain of the various optional substituents in the 
compounds of the invention may be introduced by standard aromatic substitution reactions or 
generated by conventional functional group modifications either prior to or immediately 
following the processes above, and as such are included in the process aspect of the 
invention. The reagents and reaction conditions for such procedures are well known in the 
chemical art. 

If not commercially available, the necessary starting materials for the above 
procedures may be made by procedures which are selected from standard techniques of 
organic chemistry, techniques which are analogous to the synthesis of known, structurally 
similar compounds and techniques which are analogous to the above described procedures or 
the procedures described in the Examples. The starting materials and the procedures for their 
preparation are additional aspects of the invention. 

Piperidines of formula Ql-H can be pepared from readily available starting 
materials using known synthetic methods. For example, preparations of piperidines of 
formula Ql-H are disclosed in European Patent Applications, Publication Numbers (EPA) 
428434. EPA 474561, EPA 512901, EPA 512902, EPA 515240 and EPA 559538, as well as 
in WO 94/10146, EPA 0625509 and EPA 0630887, WO 95/05377, WO 95/12577, WO 
95/15961, EPA 680962, and WO 95/16682.. As will be clear to one skilled in the art, a 
variety of sequences are available for preparation of the starting materials, and the sequences 
leading to the starting materials and products of the invention may be altered if appropriate 
considerations regarding the synthetic methods and radicals present are followed. 

The utility of a compound of the invention or a pharmaceutically acceptable salt 
thereof (hereinafter, collectively referred to as a "Compound") may be demonstrated by 
standard tests and clinical studies, including those disclosed in the EPA publications noted 
above, and those described below. 

SP Recentor RinHinp Ac say (Test A\ 
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The ability of a Compound of the invention to antagonize the binding of SP at 
the NK1 receptor may be demonstrated using an assay using the human NK1 receptor 
expressed in Mouse Erythroleukemia (MEL) cells. The human NK1 receptor was isolated 
and characterized as described in: B. Hopkins, et al. "Isolation and characterization of the 
human lung NK 1 receptor cDNA" Biochem. Rinnhvs Res Tom T 1 99 1 , igfl, 1 1 1 0-1 1 1 7; 
and the NK1 receptor was expressed in Mouse Erythroleukemia (MEL) cells using a 
procedure similar to that described in Test B below. 

Neurokinin A iNKA't Rreentor Bindin g Assay <"T>st U\ 

The ability of a Compound of the invention to antagonize the binding of NKA at 
the NK2 receptor may be demonstrated using an assay using the human NK2 receptor 
expressed in Mouse Erythroleukemia (MEL) cells, as described in: Aharony, D.. et al. 
'Isolation and Pharmacological Characterization of a Hampster Neurokinin A Receptor 
cDNA " Molecular Pharmacology, 1 994. 45_, 9-19. In an initial use of this assay, the IC 50 
measured for the standard compound L-659.877 was found to be 30 nM versus 3 H-NKA 
binding to MELM. 

The selectivity of a Compound for binding at the NK1 and the NK2 receptors may be shown 
by determining its binding at other receptors using standard assays, for example, one using a 
tritiated derivative of NKB in a tissue preparation selective for NK3 receptors. In general, the 
Compounds of the invention demonstrated statistically significant binding activity in Test A 
and Test B. Compounds having at least 25% inhibition at 1 urn were subject to Ki 
determination. For example, the compound of Example 1 demonstrated a Ki of 30 nanomolar 
in Test A, and a Ki of 1 5 nanomolar in Test B. 

Rabbit Pulmonary Arterv: MK1 in vitro functional assay n>st r\ 

The ability of a Compound of the invention to antagonize the action of the 
agonist Ac-[Arg6, Sar*. Met^) 1 »]SP(6-1 1) (designated ASMSP) in a pulmonary tissue 
may be demonstrated using a functional assay which is carried out under conditions similar to 
those described in: Emonds-Alt. X., et al. "In vitro and in vivo biological activities of Sr 
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140333. a novel potent non-peptide tachykinin NK, receptor antagonist" Eur. J Ph a rm a ™| 
1993, 25fi, 403-413; and which is carried out as follows. 

Male New Zealand white rabbits are killed by lethal injection (Nembutal. 60 
mg/kg into a cannulated ear vein). Heparin. 0.0025 ml/kg of a 1000 U/ml solution, is injected 
into the ear vein prior to nembutal in order to decrease blood coagulation. The left and right 
branches of the pulmonary artery are isolated from the rest of the lung tissue and cut in half to 
provide four ring segments from each animal. The segments, with intact endothelium, are 
suspended between stainless steel stirrups and placed in water-jacketed (37.0°C) tissue baths 
containing physiological salt solution of the following composition (mM): NaCl, 1 19.0; KC1 
4.6: CaCU, 1.8; MgCl 2 , 0.5: NaH 2 P0 4 , 1.0; NaHCOj, 25.0; glucose 1 1.0; indomethacin 
0.005 (to inhibit cyclooxygenase): and dl-propranolol. 0.001 (to inhibit b-adrenergic 
receptors); gassed continuously with 95% 0 2 -5% CO,. Initial tension placed on each tissue 
is 2 grams, which is maintained throughout a 0.5 hour equilibration period. Changes in 
tension are measured on a Grass polygraph via Grass FT-03 force transducers. 

Thiorphan, 1 X 10" 6 M (to inhibit E.C.3.4.24.1 1), and a selective NK2 antagonist 
(to inhibit NK 2 receptors) such as for example, an antagonist described in WO 94/148,1 84, 
EPA 0625509, EPA 0630887, or the antgonist SR48968 (3 X 10-*M), are added to the tissue 
baths along with the test compound or its vehicle 90 minutes before the NK, receptor agonist, 
Ac-[Arg6. Sar9 Met(0 2 )"]SP(6-l 1) (designated ASMSP). Phenylephrine, 3 X 10-6 M , is 
added in order to induce tone in the tissue. One hour after introducing phenylephrine, 
cumulative concentration response effects of ASMSP are obtained and papaverine, 1 X 
10-3M, is added at the end of each experiment to determine the maximum magnitude of 
relaxation (defined as 100%). 

Potencies of the compounds are determined by calculating the apparent 
dissociation constants (K B ) for each concentration tested using the standard equation: 

Kg = [antagonist]/(dose ratio - 1) 

where dose ratio = antilog[(agonist-log molar EC 50 without compound) - 
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(agonist-log molar EC 50 with compound)]. The K B values are converted to the 
negative logarithms and expressed as -log molar K B (i.e. pK B ). The potency of the agonist is 
determined at 50% of its own maximum relaxation in each curve. The EC 50 values are 
convened to negative logarithms and expressed as -log molar EC 50 . Maximum relaxation 
responses to ASMSP are determined by expressing the maximum response to the agonist as a 
percentage of the relaxation caused by papaverine. 
Guinea Pig Trachea Assav: NK2 in vitro functiona l assay (Text m 

The ability of a Compound of the invention to antagonize the action of the 
agonist. [b-Ala8]-Neurokinin A(4-10) (designated BANK), in a pulmonary tissue may be 
demonstrated using a functional assay in guinea pig trachea which is carried out under 
conditions similar to those described in: Ellis. J.L.. et al., "Pharmacological examination of 
receptors mediating contractile responses to tachykinins in airways isolated from human, 
guinea pig and hamster" J, Pharmacol, Exp. Ther,, 1993, 2£Z, 95-101; and which is carried 
out as follows. 

Male guinea pigs are killed by a sharp blow to the back of the head followed by 
exsanguination. The trachea are removed, trimmed of excess tissue (including removal of 
epithelium) and cut in spiral fashion. Each longitudinally cut tracheal segment is suspended 
as a strip in a water-jacketed (37.5°C) tissue bath containing a physiological salt solution of 
the following composition (mM): NaCL 1 19; KC1 4.6; CaCl 2 , 1.8; MgCl 2 . 0.5; NaH 2 P0 4 , 1; 
NaHC0 3 , 25; glucose, 1 1; and indomethacin, 0.005 (to inhibit cyclooxygenase); gassed 
continuously with 95% 02-%5 C0 2 . Initial tension placed on each tissue is 5 g, which is 
maintained throughout a 0.5 hour equilibration period before addition of other drugs. 
Contractile responses are measured on a Grass polygraph via Grass FT-03 force transducers. 

Tissues are challenged once with a single concentration of capsaicin (1 X 
lO^M) and washed extensively before addition of a selective NK1 antagonist, such as for 
example (±)-CP96345 (3 X 10- 7 M) (to block NK1 receptors) and thiorphan, 1 X 10^M (to 
block E.C.3.4.24.1 1). Cumulative addition of the NK 2 agonist [p-Ala8] -Neurokinin A(4-10) 
(designated BANK) is begun 35 minutes after addition of thiorphan. Test compound is added 
120 min before BANK. 
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Potencies of the compounds are evaluated by calculating apparent dissociation 
constants (K B ) for each concentration tested using the standard equation: 
K B = [antagonist]/(dose ratio- 1) 

where dose ratio = amilog[(agonist -log molar EC 50 without compound) - 
(agonist -log molar EC 50 with compound)]. The K B values are converted to the negative 
logarithms and expressed as -log molar K B (i.e. pK B ). The potency of BANK is determined 
at 50% of its own maximum response level in each curve. The EC 50 values are converted to 
the negative logarithms and expressed as -log molar EC 50 . Maximum contractile responses 
to BANK are determined by expressing the maximum response to BANK as a percentage of 
the initial contraction caused by capasacin. 

In general, the Compounds of the invention which were tested demonstrated 
functional activity in Tests C and D. with a pKB of 5 or greater typically being measured in 
each test. For Example, the compound of Example 1 demonstrated a pKB of 5.41 in Test C, 
and a pKB of 6.10 in Test D. 

Guinea PiP UhOTed Abdominal Breathing mvcpnpa t Assay and NK, in vivo 

functional assay (Test F\ 

The activity of a compound as an antagonist of NK, or NK 2 receptors also may 
be demonstrated in vivo in laboratory animals, for example by adapting a routine guinea pig 
aerosol test described for evaluation of leukotriene antagonists in: Snyder, et al. "Conscious 
guinea-pig aerosol model for evaluation of peptide leukotriene antagonists" J. Pharmacol 
MfilL, 1 988, 12, 2 1 9, which is carried out as follows. 

Using the clear plastic chamber described previously by Snyder et al. to secure 
guinea pigs for a head-only aerosol exposure to bronchoconstrictor agonists, agonist is 
administered by aerosol to six conscious guinea pigs simultaneously during each maneuver. 
The tachykinin NK, -selective agonist ASMSP or the tachykinin NK 2 -selective agonist, 
BANK, 3 X 10-5M of either, is aerosolized from a Devilbiss Model 25 ultrasonic nebulizer 
into an air stream entering the chamber at a rate of 2 L/minute. 
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Guinea pigs (275 - 400 g) are fasted for approximately 1 6 hours prior to 
experimentation. Compounds to be evaluated for blockade of effects of ASMSP or BANK or 
their vehicle (10% PEG400 in saline) are given by p.o.. i.v. or aerosol routes of 
administration at various times before aerosol agonist challenge. All animals are pretreated 
with atropine (10 mg/kg, i.p., 45 minutes pretreatment) indomethacin (10 mg/kg, i.p. 30 
minutes pretreatment), propranolol (5 mg/kg, i.p., 30 minutes pretreatment), and thiorphan (1 
mg/ml aerosol for 5 minutes. 15 minutes pretreatment). 

Aerosol challenge with the agonist produces an initial increase in respiratory rate 
followed by a decrease with early signs of minor involvement of the abdominal muscles. The 
respiratory rate decreases further and the breathing becomes more labored with greater 
involvement of the abdominal muscles as exposure continues. The distinctly recognizable 
end point is the point where the breathing pattern of the guinea pig is consistently slow, deep, 
and deliberate, showing marked involvement of the abdominal muscles. Time, in seconds, 
from the onset of aerosol challenge to this end point is determined for each animal by using a 
stopwatch. The animals generally collapsed after reaching the end point and did not recover 
from the agonist-induced respiratory distress. Antagonists result in an increase in the time to 
reach the end point. Animals receive the aerosol administration of agonist for a maximum 
time of 780 seconds. 

Differences between drug-treated groups and corresponding vehicle-treated 
control groups are compared using Student's t-test for unpaired observations. Results are 
reported as % protection values, where % protection = 

[(drug time - mean control time)/(maximal aerosol time - mean control 

time)] X 100 
Clinical Studies 

Clinical studies to demonstrate the efficacy of a Compound of the invention may 
be carried out using standard methods. For example, the ability of a Compound to prevent or 
treat the symptoms of asthma or asthma-like conditions may be demonstrated using a 
challenge of inhaled cold air or allergen and evaluation by standard pulmonary 
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measurements such as. for example. FEV, (forced expiratory volume in one 
second) and FVC (forced vital capacity), analyzed by standard methods of statistical analysis. 

It will be appreciated that the implications of a Compound's activity in the 
above desribed Tests is not limited to asthma, but rather, that the Tests provide evidence of 
general antagonism of both SP and NKA 

SP and NKA have been implicated in the pathology of numerous diseases 
including: rheumatoid arthritis, Alzheimer's disease, oedema, allergic rhinitis, inilamation 
pain, gastrointestinal-hypermotility, anxiety, emesis, Huntington's Disease, Psycoses, 
hypertension, migraine, bladder hypermotility and uticaria. Accordingly, one feature of the 
invention is the use of a compound of formula I or a pharmaceutically acceptable salt thereof 
in the treatment of a disease in a human or other mammal in need thereof in which SP or 
NKA is implicated and antagonism of its action is desired. 

Asthma is characterized by both chronic inflammation and hyperresponsiveness 
of the airways. The NK1 receptor is known to mediate inflammation and mucus 
hypersecretion in airways; and the NK2 receptor is involved in the control of the tone of 
bronchial smooth muscle. Thus, agents capable of antagonizing the actions of SP and NKA, 
at the NK1 and NK2 receptors, respectively, are capable of reducing both the chronic 
inflammation and the airway hyperresponsiveness which are symptomatic of asthma. It has 
been suggested that an antagonist having mixed affinity for NK1 and NK2 could be 
therapeutically superior to a receptor selective antagonist. CM. Maggi 'Tachykinin 
Receptors and Airway Pathophysiology" KTTR R* T »- | 1 993> & 735.742 at 739. Also, it 
has been suggested that a synergistic effect against bronchoconstriction may result from the 
simultaneous application of an NK1 antagonist and an NK2 antagonist. D.M. Foulon, et al. 
"NKl and NK2 Receptors Mediated Tachykinin and Resiniferatoxin-induced Bronchospasm 
in Guinea Pigs" American Review nf R^piratnry r ffr mr 1993, 14S, 915-921. Accordingly, 
another feature of the invention is the use of a compound of formula I or a pharmaceutically 
acceptable salt thereof in the treatment of asthma in a human or other mammal in need 
thereof. Because of the range of effects attributable to the actions of SP and NKA, 
compounds which are capable of blocking their actions may also be useful as tools for further 
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evaluating the biological actions of other neurotransmitters in the Tachykinin family. As a 
result, another feature of the invention is provided by the use of a compound of formula I or a 
salt thereof as a pharmacological standard for the development and standardization of new 
disease models or assays for use in developing new therapeutic agents for treating diseases in 
which SP or NKA are implicated or for assays for their diagnosis. 

When used in the treatment of a disease, a compound of the invention is 
generally administered as an appropriate pharmaceutical composition which comprises a 
compound of formula I or a pharmaceutical^ acceptable salt thereof as defined hereinbefore 
and a pharmaceutical^ acceptable diluent or carrier, the composition being adapted for the 
particular route of administration chosen. Such a composition is provided as a further feature 
of the invention. It may be obtained employing conventional procedures and excipients and 
binders, and it may be one of a variety of dosage forms. Such forms include, for example, 
tablets, capsules, solutions or suspensions for oral administration; suppositories for rectal 
administration; sterile solutions or suspensions for administration by intravenous or 
intramuscular infusion or injection; aerosols or nebulizer solutions or suspensions for 
administration by inhalation; or powders together with pharmaceutical^ acceptable solid 
diluents such as lactose for administration by insufflation. 

For oral administration a tablet or capsule containing up to 250 mg (and 
typically 5 to 100 mg) of a compound of formula I may conveniently be used. For 
administration by inhalation, a compound of formula I will be administered to humans in a 
daily dose range of, for example, 5 to 100 mg, in a single dose or divided into two to four 
daily doses. Similarly, for intravenous or intramuscular injection or infusion a sterile solution 
or suspension containing up to 10% w/w (and typically 0.05 to 5% w/w) of a compound of 
formula I may conveniently be used. 

The dose of a compound of formula I to be administered will necessarily be 
varied according to principles well known in the art taking account of the route of 
administration and the severity of the condition and the size and age of the patient under 
treatment. However, in general, the compound of formula I will be administered to a 
warm-blooded animal (such as man) so that a dose in the range of, for example, 0.01 to 25 
mg/kg (and usually 0.1 to 5 mg/kg) is received. It will be understood that generally 
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equivalent amounts of a pharmaceutical ly acceptable salt of a compound of formula I may be 
used. 

The invention will now be illustrated by the following non-limiting examples in 
which, unless stated otherwise: 

(i) temperatures are given in degrees Celsius (°C); operations were carried out 
at room or ambient temperature, that is. at a temperature in the range of 1 8-25 °C; 

(ii) organic solutions were dried over anhydrous magnesium sulfate; 
evaporation of solvent was carried out using a rotary evaporator under reduced pressure 
(600-4000 pascals: 4.5-30 mm Hg) with a bath temperature of up to 60 °C; 

(iii) chromatography means flash chromatography on silica gel: thin layer 
chromatography (TLC) was carried out on silica gel plates; 

(iv) in general, the course of reactions was followed by TLC and reaction times 
are given for illustration only; 

(v) melting points are uncorrected and (dec) indicates decomposition; the 
melting points given are those obtained for the materials prepared as described; 
polymorphism may result in isolation of materials with different melting points in some 
preparations; 

(vi) final products had satisfactory proton nuclear magnetic resonance (NMR) 

spectra; 

(vii) yields are given for illustration only and are not necessarily those which 
may be obtained by diligent process development; preparations were repeated if more 
material was required; 

(viii) when given, NMR data is in the form of delta values for major diagnostic 
protons, given in parts per million (ppm) relative to tetramethylsilane (TMS) as an internal 
standard, determined at 300 MHz using deuterated chloroform (CDC1 3 ) as solvent; 
conventional abbreviations for signal shape are used; for AB spectra the directly observed 
shifts are reported; coupling constants (J) are given in Hz; Ar designates an aromatic proton 
when such an assignment is made; 
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(ix) chemical symbols have their usual meanings; SI units and symbols are 

used: 

(x) reduced pressures are given as absolute pressures in pascals (Pa); elevated 
pressures are given as gauge pressures in bars: 

(xi) solvent ratios are given in volumervolume (v/v) terms; and 

(xii) Mass spectra (MS) were run using an automated system with atmospheric 
pressure chemical ionization (ApCI). Methanol mobile phase enters the probe were it is 
pneumatically converted into an aerosol and rapidly heated into the gas phase at the probe tip. 
Hot gas from the probe enters the heated volume of the source which contains the corona 
discharge pin typically maintained at 3 kV. Methanol molecules rapidly react with ions from 
the corona discharge to produce stable reagent ions. Analyte molecules introduced into the 
mobile phase react with the reagent ions at atmospheric pressure and typically become 
protonated (for positive ions) or deprotonated (for negative ions). Where indicated, the 
following alternative methods of ionization were used: a) desorption chemical ionization (CI) 
using methane reagent gas and a direct exposure probe; b) electron impact (EI) or c) fast atom 
bombardment (FAB). Generally, only spectra where parent masses are observed are reported. 

EXAMPLES 

Example 1 N-BenzyU5-(4-hydroxy-4-phenylpiperidino)-3-(3,4-dichlorophenyl)- 
pentanamide. 

To a solution of benzylamine (191 mg) in toluene (2 mL) cooled to 0 °C was 
added trimethylaluminum (0.66 mL of a 2.0 M solution in toluene). The mixture was 
allowed to warm to room temperature over two hours. To this stirred solution was added 
ethyl 5-(4-hydroxy-4-phenyl-piperidino)-3-(3,4-dichlorophenyl)pentanoate (300 mg) in 
toluene. The solution was warmed to 60 °C for two hours and then stirred at room 
temperature overnight. The solution was diluted with dichloromethane and added to a 
mixture of brine and dichloromethane. The organic layer was separated and washed with 
brine. The aqueous layers were extracted with dichloromethane. The combined organic 
layers were dried, filtered and evaporated to afford an oil. Chromatography, with 
chloroformrmethanol : ammonium hydroxide (97:3:0.25) as the eluent gave an oil which 



WO 96/24582 



- 35 - 



PCT/GB96/00259 



crystallized upon exposure to diethyl ethenhexane to give the title compound (57 mg); mp 
64-67 °C; MS (CI): m/z=513(M+l); NMR (CDC1 3 , CF 3 COOD): 1.27 (l,m), 2.22 (3jn), 
2.39 (2.m), 2.77 (3.m), 3.15 (2an), 3.32 (2,m). 3.56 (2jn). 4.21 (l,d), 4.45 (l,d), 6.96 (3,m), 
7.34 (lO.m). Analysis for C 29 H 32 N 2 0 2 C1 2 : Calculated: C, 68.09; H, 6.30; N, 5.47; Found: 
C. 68.01 :H. 6.53; N. 5.24. 

The intermediate ethyl 5-(4-hydroxy-4-phenylpiperidino)-3- 
(3.4-dichlorophenyl)-pentanoate was prepared as follows. 

a. Ethyl 4.4-bis(tert-butoxycarbonyl)-3-(3.4-dichlorophenyl)-butanonate. To a 

stirred solution of bis(tert-butyl) malonate (13.7 g) in tetrahydrofuran (100 mL) was added 
potassium tert-butoxide (53.1 mL of a 1M solution in tetrahydrofuran). This mixture was 
stirred for 20 minutes and to it was added ethyl (E)-3-(3.4-dichloro-phenyl)-2-propenoate 
(12.96 g as a solution in tetrahydrofuran (30 mL)). The solution was stirred at room 
temperature for 1 .5 hours and then diluted sequentially with diethyl ether (30 mL) and brine 
(30 mL). The organic layer was separated, dried, filtered, and evaporated to afford the 
tri-ester (22 g) as an oil; NMR: 7.53 (m,2), 7.28 «L1, J=8.34), 3.91 (q,2, J=5.17). 3.8 (m,l), 
3.55 (m.l), 2.72 (nu2), 1.4 (broad s,9), 1.13 (s,9), 1.01 (U, J=6.9). 

b - Et M 4 -carboxy-3-(3 ? 4-dichlorophenyl)butanoate. Neat ethyl 

4 ? 4-bis(tert-butoxycarbonyl)-3-(3,4-dichlorophenyl)butanonate (22 g) was slowly heated to 
1 80 °C for 4 hours. The material was allowed to cool to room temperature to yield the acid 
(14.4 g); NMR: 7.56 (irU), 7.29 (dd.1. J=1.84, 8.35), 3.9 (qA J-7.07), 3.39 (m,l), 2.6 (m,4), 
1.08(U,J=7.03). 

c Ethyl 3-(3,4-dichlorophenyl)-5-hydroxypentanoate. Borane-methyl sulfide 

(1.76 mL of a 2.0 M solution in tetrahydrofuran) was added to a solution of ethyl 
4-carboxy-3-(3,4-dichlorophenyl)-butanoate (5.34 g) in tetrahydrofuran (100 mL) over 20 
minutes. The mixture was wanned to 50 °C for 2 hours. The solution was cooled to room 
temperature and diluted sequentially with water (100 ml) and ethyl acetate (350 ml). The 
organic layer was separated and the aqueous layer was extracted with ethyl acetate (100 mL). 
The combined organic layers were dried, filtered and evaporated to afford an oil. 
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Chromaiography with hexane:acetone (70:30) as eluem gave the alcohol as an oil (4.70 g); 
NMR: 7.3 (m,2), 7.07 (dd,l, J=2.14. 8.25), 4.0 (q,2 ? J=7.18).3.5 (m,2), 3.0 (m,l), 2.6 (m.2). 
1.9 (m,2). 1.16 (t,3. J-8.74). 

d. Ethyl 3-(3,4-dichlorophenyl)-5-oxopentanoate. Pyridinium chlorochromaie 

(3.5 g) was added to a solution of ethyl 3-(3,4-dichIorophenyl)-5-hydroxypentanoate (4.65 g) 
in dichloromethane (75 mL). at 0 °C. The stirred solution was brought to reflux for 1 .5 hours. 
Additional pyridium chlorochromate (0.3 g) was added to the mixture, and it was brought 
back to reflux for an addition 0.75 hours. The mixture was cooled and filtered through 
FLORISIL [FLORISIL was purchased from the Aldrich Chemical Company of Milwaukee. 
Wisconsin, catalogue number 34.399-4]. The resulting filtrates were evaporated to give the 
aldehyde (3.75 g) as an oil that was used without further purification: NMR: 9.6 (s.l). 7.3 
(m.2). 7.0 (m.l), 4.0 (m.2). 3.7 (m,l). 2.6 (m.4), 1.18 (m.3). 

e - Ethyl 5-(4-hydroxy^-phenylpiperidino)-3-(3 t 4-dichloro-phenyl)pentanoate. 

4-Hydroxy-4-phenyIpiperidine (2.74 g) was added to a solution of ethyl 
3-(3,4-dichlorophenyl)-5-oxopentanoate (3.74 g) in methanol (80 mL) and the mixture was 
cooled to 0°C. Glacial acetic acid was added until the pH was 5.5. Sodium 
cyanoborohydride (total 0.97 g) was added at one hour intervals in three equal portions. The 
mixture was allowed to warm to room temperature overnight. The mixture was diluted 
sequentially with aqueous sodium hydroxide (IN, 100 mL) and dichloromethane (200 mL). 
The organic layer was separated and extracted with brine. The aqueous layers were extracted 
with dichloromethane (3 x 200 mL). The combined organic layers were dried, filtered and 
evaporated to give an oil. Chromatography with chloroform:methanol:ammonium hydroxide 
(97:3:0.25) as the eluent gave the ester (1 .6 g) as an oil; NMR: 7.3 (m,8) r 4.0 (q,2, J=7.22), 
3.1 (m,l), 2.0 (m,14), 1.17 (m,3). 

Ethyl 5-(4-hydroxy-4-phenylpiperidino)-3-(3,4-dichloro-phenyl)pentanoate, 
described in sub-part e. above, is also a compound of the invention. 
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Example 2. 1 -[5-(4-hydroxy-4-phenylpiperidino)-3-(3 .4-dichloro-phenyl)valeryl]-4- 
phenylpiperidine hydrochloride salt. 

To a solution of l-[5-(4-hydroxy-4-phenylpiperidino)-3-(3,4-dichlorophenyl)- 
valeryl]-4-phenylpiperidine (0.1 8 g) in diethyl ether (20 mL) was added a solution of 
hydrochloric acid in diethyl ether (0.15 mL ? 2N HC1). The solvent was evaporated to afford a 
solid. The solid was triterated two times with diethyl ether (20 mL) and dried overnight 
under reduced pressure to give the tide salt as an off white solid (141 .52 mg); mp 135-142 
°C; MS (CI): m/z=567(M+l); NMR: 1.47 (m,6). 2.31 (m,4), 3.04 (nU2), 4.03 (m,l), 4.61 
(broad d, I ), 7.32 (m, 13). Analysis for C 3 3H 38 Cl 2 N 2 O 2 .HC1.0.5 H 2 0: Calculated: C, 65.94; 
H. 6.37; N. 4.66; Found: C, 64.98: H. 6.46; N, 4.34. 

The intermediate 1 -[5-(4.hydroxy-4-phenylpiperidino)-3-(3,4-dichlorophenyl)- 
valeryl]-4-phenylpiperidine, which is also a compound of the invention, was prepared using a 
procedure similar to that described in Example 1. except replacing the benzyl amine used 
therein with 4-phenylpiperidine. 

Examples 1-5^ 

Using a procedure similar similar to that described in Example 2, except 
replacing the 1 -[5-(4-hydroxy-4-phenyIpiperidino).3.(3,4-dichlorophenyl)valeryl]-4- 
phenylpiperidine used therein with the requsite compound, the hydrochloride salts of the 
following compounds of formula I wherein Q> is 4-hydroxy-4-phenylpiperidine, is 
3,4-dichlorophenyl, Q3 is hydrogen and Q4 has the indicated values were prepared. 

Example 3- Q 4 =4-Methoxybenzylamino; mp 104-1 10 °C; MS (CI): 
m/z=543(M+l); NMR (CD 3 OD): 1.97 (m^), 2.23 (m,4), 2.61 (n^2), 2.84 (m,l), 3.33 (m,6), 
3.75 (s,3), 3.99 (m,l), 4.33 (m,l), 6.81 (m,4), 7.35 (m,8). Analysis for C 30 H3 4 N 2 Cl 2 O 3 .HCl: 
Calculated: C, 62.34; H, 6.10; N, 4.84; Found: C, 62.16; H, 6.17; N, 4.90. 

Ex a mple 4 - Q^Cyclohexylamino; mp 1 12-1 17 °C; MS (CI): m/z=505(M+l); 
NMR(CD 3 OD): 1.19(m,5), 1.68 (m,5), 1.97 (n^2), 2.45 (m,6), 2.91 (m,l), 3.30 (m,7), 7.4 
(m,8). Analysis for C 20 H 36 Cl 2 N 2 O 2 .HCl«0.4H 2 O: Calculated: C, 62.28; H, 6.90; N, 5.18; 
Found: C, 61.50; H, 6.76; N, 4.82. 
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Example 5. Q4=(4-Methylbenzyl)amino: mp 1 15-120 °C; MS (CI): 
m/z=527(M+l ); NMR (CD 3 OD): 1 .97 (m,2), 2.29 (m,7), 2.63 (m,2), 2.88 (m,l), 3.29 (m,6). 
4.03 (nul). 4.32 (m.l). 6.83 (d,2), 7.03 (d,2), 7.34 (m.8). Analysis for C 30 H 34 N 2 Cl 2 O 2 «HCl: 
Calculated: C. 64.1 1; H, 6.27; N, 4.98; Found: C, 63.98: H. 6.36; N, 5.05. 

Example 6- Q^Beiizyl)(methyl)amino; mp 74-81 °C; MS (CI): 
m/z=527(M+l); NMR (CD 3 OD): 2.10 (m,6), 2.87 (m,6). 3.39 (m,6), 4.31-4.66 (m.2), 7.3 
(m.l 3). Analysis for C 30 H 34 Cl 2 N 2 O 2 »HCl»0.5 H 2 0: Calculated: C, 64.1 1; H. 6.27; N. 4.98; 
Found: C, 63.02; H. 6.22; N. 4.86. 

Example 7. Q^MethylXphenyOamino: mp 96-102 °C; MS (CI): 
m/z=513(M-H): NMR (CD 3 OD): 2.0 (broad m,6). 2.48 (broad d.2), 3.14 (mj), 3.38 (m,3), 
7.03 (m,3). 7.37 (m.l 1). Analysis for C 29 H 32 Cl 2 N 2 O 2 »HCl»0.5 H 2 0: Calculated: C, 63.56; 

H. 6.07: N, 5.1 1 ; Found: C, 62.68; H, 6.02; N, 5.05. 

Example 8- Q^Anilino; mp 1 13-120 °C; MS (CI): m/z=499(M+l); NMR: 

I. 98 (m.24), 2.29 (m,4), 2.77 (m,3), 3.32 (m,6), 7.37 (m.13). Analysis for 
C 28 H 30 Cl 2 N 2 O 2 -HCl-0.4 H 2 0: Calculated: C, 62.98; H. 5.85; N, 5.24; Found: C. 62.17; H. 
5.82; N, 5.49. 

The intermediate amides used in Examples 3-8 were prepared using a sequence 
similar to that described in Example 1 and the sub-parts thereof, except replacing the 
benzyl amine used therein with the requsite amine. 

Example 9- Benzyl 5-(4-acetamido-4-phenylpiperidino)-3-(3,4-dichlorophenyl)pentanoate. 

Benzyl 3-(3,4-dichlorophenyl)-5-oxopentanoate (0.850 g) was added to a 
solution of 4-acetamido-4-phenylpiperidine (0.58 g) in methanol (20 mL) and stirred for 5 
minutes. Sodium cyanoborohydride (0.157 g) was added and the mixture adjusted to pH 5 by 
the addition of 5 drops of glacial acetic acid. The mixture was stirred at room temperature for 
1.5 hours, and was evaporated. The resulting materia] was diluted with ethyl acetate, washed 
(saturated sodium bicarbonate, brine), dried, and evaporated to afford an oil. 
Chromatography with dichloromethane:methanol:ammonium hydroxide (95:5:0.1) as the 
eluent gave the title compound as a foamy white solid (0.52 g); mp 62-64 °C; MS (CI): 
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m/z=555(M+l); NMR: 1.70 (m,l), 1.86 (m,l), 2.00 (s,3), 2.14 (m,6), 2.34 (m,2), 2.66 (m,4), 
3.18 (m.l), 5.02 (s,2), 5.47 (s,l). 7.01 (m,l), 7.01-7.40 (m.12). Analysis for 
C 3) H3 4 Cl 2 N 2 O 3 '0.5 H 2 0: Calculated: C. 66.19; H. 6.27; N, 4.98; Found: C, 66.35; H. 
6.09; N. 4.78. 

The intermediate benzyl 3-(3,4-dichIorophenyl)-5-oxopentanoate was prepared 

as follows. 

a - Benzyl 3-(3,4-dichlorophenyl)-2-propenoate. 3-(3,4-dichlorophenyl)- 

2-propenoic acid (20.0 g) was suspended in thionyl chloride (60 mL) and heated at reflux for 
2 hours. The mixture was evaporated and the residue dissolved in dichloromethane (100 
mL). To this solution was added benzyl alcohol (10.9 g) at 0 °C. The mixture was stirred at 
room temperature for 2 hours, diluted with an additional 100 mL of dichloromethane and 
washed with 1M HC1 (100 mL), 1M NaOH (150 mL) and brine (100 mL). The organic phase 
was dried and evaporated. Recrystallization from diethyl ethenhexanes gave the ester (20.9 
g) as a white solid. 



b. Benzyl 4,4-bis(tert-butoxycarbonyl)-3-(3,4Klichlorophenyl)-butanonate. 

bis(Tert-butyl) malonate (16.3 g) in tetrahydrofuran (100 mL) was added to a solution of 
potassium tert-butoxide (79 mL, 1M in tert-butanol) and tetrahydrofuran (100 mL) dropwise 
at 10 °C. The mixture was allowed to warm gradually to room temperature and starred an 
additional 40 minutes. The reaction was cooled to 5 °C and a solution of benzyl 
3-(3,4-dichlorophenyl)-2-propenoate (21.0 g) in tetrahydrofuran (75 mL) was added dropwise 
over 1 5 minutes. The mixture was allowed to warm and stir at room temperature for 3 hours. 
A solution of saturated aqueous potassium phosphate monobasic (60 mL) was added to the 
reaction. The mixture was stirred 1 0 minutes, and was transfered to a separatory funnel 
containing ethyl ether (500 mL) and saturated aqueous potassium phosphate monobasic (100 
mL). The ether phase was separated and the aqueous phase extracted with ether. The ether 
extracts were combined, washed (saturated sodium bicarbonate, brine), dried, and evaporated 
to give the tri-ester as an off-white solid (36.9 g); NMR: 7.31-7.03 (m,8), 4.97 (s^), 3.75 
(m,l), 3.45 (d\l, J=10), 3.00-2.90 (m,l), 2.73-2.49 (m,l), 1.45 (s,9), 1.23 (s,9); TLC: Rf = 
0.72 (1:1 diethyl ether:hexane). 
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c. Benzyl 4-carboxy-3-(3,4-dichlorophenyl)butanoate. Benzyl 
4,4-bis(tert-butoxycarbonyl)-3-(3.4-dichlorophenyl)butanonate (36.05 g) was treated with 
trifluoroacetic acid (150 mL) at 0 °C. The resulting suspension was wanned to room 
temperature and treated with dichloromethane (25 mL) to aid dissolution. After 1 hour the 
mixture was evaporated to afford a reddish oil, which was heated at 120 °C for 3 hours and 
then heated under vacuum (120 °C. 67 Pa) for 3 hours. The oil solidified upon cooling to 
afford the acid as a tan solid (22.8 g); NMR: 7.40-7.00 (m,8), 5.02 (s,2), 3.60 (m,l), 
2.81-2.59 (m,4); MS (CI): m/z=367 (M+l); TLC: Rf = 0.21 (10:90:0.1 
methanoi:dichloromethane:ammonium hydroxide). 

d. Benzyl 3-(3,4-dichlorophenyl)-5-hydroxypentanoate. Benzyl 
4-carboxy-3-(3 ? 4-dichlorophenyl)butanoate (7.34 g) was dissolved in tetrahydrofuran (100 
mL). Borane-tetrahydrofuran complex (21 mL x 1M in tetrahydrofuran) was added dropwise 
and the solution was stirred for 1 hour at 0 °C. The mixture was heated at reflux for 1 .5 
hours. Additional borane-tetrahydrofuran complex (5 mL x 1M in tetrahydrofuran) was 
added at room temperature, and the reaction was again allowed to reflux for 1 hour. 
Saturated sodium bicarbonate (10 mL) was added to the reaction at 0 °C. The mixture was 
diluted with diethyl ether, mL), washed (saturated sodium bicarbonate, brine), dried, and 
evaporated to afford the alcohol as a yellow oil (7.07 g); NMR: 7.38-7.00 (m,8), 5.02 (s,l), 
3.58-3.25 (m,3), 2.75-2.58 (m,2), 1.98-1.74 (m,3); TLC: Rf = 0.15 (1:1 diethyl ether:hexane). 

c. Benzyl 3-(3,4-dichlorophenyl)-5-oxopentanoate. Benzyl 

3-(3,4-dichlorophenyl)-5-hydroxypentanoate (1.60 g) was added to a dichloromethane (50 
mL) solution containing N-methylmorpholine-N-oxide (0.80 g) and 4 Angstrom molecular 
sieves. The mixture was stirred for 15 minutes and tetrapropylammonium perruthenate 
(0.09 g) was added. After 1 .5 hours, the mixture was diluted with dichloromethane (100 mL) 
washed (10% aqueous sodium sulfite, hydrochloric acid (1M x 50 mL), saturated sodium 
bicarbonate, brine), dried, and evaporated. Chromatographed through a short FLORISIL plug 
[FLORISIL was purchased from the Aldrich Chemical Company of Milwaukee, Wisconsin, 
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catalogue number 34,399-4] eluting with diethyl ether gave the aldehyde as a colorless oil 
(0.85 g); NMR: 9.67 (s,l), 7.45-7.18 (m,7). 7.03 (m,l), 5.03 (s,2), 3.71 (m,l), 2.80-2.58 
(m,4); TLC: Rf = 0.26 (1:1 ethyl ether:hexane). 



Example 10- 5-(4-Acetamido-4-phenylpiperidino)-3-(3,4-dichloro-phenyl)-N-(2- 
methoxybenzyl)-N-methylpentanamide. 

5-(4-Acetamido-4-phenylpiperidino)-3-(3,4-dichlorophenyl)pentanoicacid 
(0.60 g) and N-(2-methoxybenzyl)-N-(methyl)amine hydrochloride (0.225 g) were combined 
in dry N,N-dimethyIformamide (13 mL) under nitrogen. Triethylamine (0.121 g) was added 
followed by l-(3-dimethylaminopropyl)-3-ethylcarbodiimide methiodide (0.595 g). The 
mixture was stirred overnight. The mixture was diluted with ethyl acetate and partitioned 
with saturated sodium bicarbonate. The aqueous phase was extracted with ethyl acetate and 
the organic extracts were combined, washed (brine), dried, and evaporated to afford an oil. 
Chromatography with dichloromethane:methanol:ammonium hydroxide (95:5:0.1) as the 
eluent gave the title compound as a white solid (0.248 g); mp 96-98 °C; MS (CI): 
m/z=598(M+l); NMR: 1.90-2.34 (m,10), 2.00 (s,3), 2.61-2.73 (m,4), 2.88 (s,3), 3.31 (m,l), 
3.78 and 3.82 (s,3, two signals due to rotational isomers), 4,42-4.66 (m,2), 5.46 (broad,!), 
6.80-6.93 (m,3), 7.02-7.39 (m,9). Analysis for C33H39N3Cl2C.3-O.2O H 2 0: Calculated: C, 
66.04; H, 6.62; N, 7.00; Found: C, 66.14; H, 6.57; N, 6.98. 

The intermediate 5-(4-acetanMdo-4-phenylpiperidino)-3-(3,4-dichlorophenyl)- 
pentanoic acid was prepared as follows. 

a. 5 < 4 - Ac et^>do-4-phenylpiperidino)-3-(3,4-dichlorophenyl)pentanoicacid. 
Benzyl 5-(4-acetaimdo-4-phenylpiperidmo)-3-(3,4-djchlorophenyl)pentanoate (0.100 g) was 
dissolved in ethanol (35 mL) containing 10% Pd on carbon (0.050 g). The mixture was 
hydrogenated (2.4 bar, 1 hour). The resulting mixture was filtered through diatomaceous 
earth with ethanol. Evaporation of the resulting solution gave the acid as a waxy yellow solid 
(0.070 g), which had an NMR similar to the material prepared in sub-part b. below. 
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The intermediate 5-(4-acetamido-4-phenylpiperidino)-3-(3,4-dichlorophenyl)- 
pemanoic acid can alternately be prepared as follows. 

b. 5-(4-Acetamido-4-phenylpiperidino)-3-(3,4-dichlorophenyl)pentanoic acid. 

To a solution of ethyl 5-(4-acetamido-4-phenyl-piperidino)-3-(3,4-dichlorophenyl)pentanoate 
(LOO g) (prepared as described in Example 15) in tetrahydrofuran (10 mL), and methanol 
(10 mL) was added a solution of lithium hydroxide monohydrate (0.22 g) in water (10 mL). 
The mixture was stirred for 16 hours, was acidified by addition of 1M HCL and evaporated to 
afford the acid as a white powder (1.3 g); NMR: 8.42 (s,l), 7.62-7.55 (m,2), 7.35-7.31 (nu5), 
7.22 (m,l), 3.35 (m,l), 3.14-2.95 (m,4), 2.79-2.30 (m,6), 2.16 (m,2). 2.09 (s,3), 1.91 (m t 2); 
MS (CI): m/z=463(M+l); TLC: RfK).51 (10:1:0.1 tetrahydrofuran: watenacetic acid). 

The intermediate 5-(4-acetamido-4-phenylpiperidino)-3-(3.4-dichlorophenyl)- 
pentanoic acid is also a compound of the invention. 

Examples 11-14 

Using a procedure similar to that described in Example 10. except replacing the 
N-methyl-N-(2-methoxybenzyl)amine with the requsite amine, the following compounds of 
formula I wherein Q 1 is 4-acetamido-4-phenylpiperidino, Q 2 is 3.4-dichlorophenyl, Q 3 is 
hydrogen and Q 4 is as defined were prepared. 

Example 1 1 Q4=Benzylamino; mp 173-1 74 °C; MS (CI): m/z=*554(M+l); 
NMR (perdeuteriodimethylsulfoxide): 1.91 (s,3), 2.10-2.27 (m,4), 2.55 (m,3), 2.77 (m,2), 
2.98-3.18 (m,5), 3.40 (m,3), 3.99-4.06 (m,l), 4.29-4.36 (m,l), 7.18-7.44 (m,9), 7.56-7.61 
(m,2), 8.12 (broad,!), 8.36 (broad U), 10.26 (broad,l). Analysis for C 31 H35Cl2N 3 CV1.00 
H 2 O1.00HCl: Calculated: C, 61.33; H, 6.31; N, 6.92; Found: C ? 61.12; H, 6.43; N, 7.19. 

Example 12- (^^Me%l)[3 ? 5-bis(trifluoromethyl)benzyl]amino; mp 84-86 °C; 
MS (CI): m/z=704(M+l); NMR: 1.72 (m,l), 2.00 (s,3), 2.00-2.36 (m,9), 2.70 (m,4), 2.93 
(s,3), 3.33 (m,l), 4.61 (m,2), 5.46 (s,l), 7.10 (m,l), 7.19-7.39 (m,7), 7.56 (m,2), 7.81 (m,l). 
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Analysis for C 3 4H35C1 2 F 6 N 3 0 2 : Calculated: C, 58.13; H, 5.02; N, 5.98; Found: C, 58.07; 
H, 5.16; N, 5.80. 

Example 11 . C/HMethylXbenzyOamino; mp 88-90 °C; MS (CI): 
m/z=568(M+l); NMR: 1.76 (m), 1.95-2.35 (m,9), 2.00 (s,3), 2.62-2.74 (m,4), 2.86 (d,3), 
3.34 (m.l), 4.35-4.66 (m,2), 5.45 (broad.1), 6.95-7.40 (m,13). Analysis for 
C 32 H 37 Cl 2 N 3 O 2 M.00H 2 O: Calculated: C, 65.75; H, 6.72; N. 7.19; Found: C, 65.59; H, 
6.34: N, 7.39. 

Examp l e 14 . Q 4 =(2-Methoxybenzyl)amino; mp 102-104 °C; MS (CI): 
m/z=582(M+l); NMR: 1.69 (m.2), 1.90-2.35 (m,9), 2.00 (s,3), 2.48-2.75 (mj), 3.18 (m,l), 
3.78 (s.3). 4.30 (m,2), 5.48 (broad,l), 5.77 (broad.l), 6.80-7.05 (m,4), 7.19-7.39 (m,8). 
Analysis for C 32 H 37 Cl 2 N 3 O 3 .0.30H 2 O: Calculated: C, 65.37; H. 6.44; N, 7.15; Found: C, 
65.34; H. 6.36; N, 7.21. 

ExamplMS - ^ ^^^'^-PhenylpiperidinoVSKS.^ichlorophenyOpentanoate. 

Using a sequence similar to that described in Example 9 and the sub-parts 
thereof, except replacing benzylalcohol with ethanol in sub-part a., the title compound was 
prepared as a white solid; mp 91-100 °C; NMR (CDC1 3 , CF 3 COOD): 7.64-7.59 (m,2), 
7.4-7.3 (m,5), 7.30-7.20 (m,l), 4.0 (q,2), 3.46 (U), 3.23-3.03 (m,4), 2.93-2.67 (m,4), 2.1 7-2.0 
(m,5), 1.9 (s,3), 1.1 (t,3); MS (CI): m/z=493(M+l); TLC: Rf=0.27 (95:5, 
dichloromethane:methanol). Analysis for C 26 H 32 Cl 2 N 2 O 3 .0.50 H 2 0: Calculated: C, 62.39; 
H, 6.65; N, 5.60; Found: C, 62.74; H, 6.53; N, 5.53. 

Exaim7iff1 * ^"^^"WMM-dicWorophenyl^ 
ylcarbonyl)butyl]-4-phenylpiperidine. 

5-(4-Acetaimdo^phenylpiperidmo)-3-(3,4-dichlorophenyl)pentanoic acid (0.276 g) 
in dimethylformamide (5 mL) was added to 1,23,4-tetrahydroisoquinoline (0.075 g), in a 
16x1 00 mm tube. The reaction tube was vortexed to give a solution. l-(3- 
dimemylanmioim>pyl)-3-emylcarbodiiinide hydrochloride (0.106 g) was added and the 
mixture was stirred overnight at room temperature. The solvent was removed by centrifugal 
evaporation and the residue was partitioned between ethyl acetate (3 mL) and saturated 
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aqueous sodium bicarbonate solution (4 mL). The organic phase was separated and the 
aqueous phase was extracted with ethyl acetate (2x3 mL). The combined organic extracts 
were evaporated to give material which was purified by chromatography using a Bond elut 
silica column, to give the title compound; MS: m/z=578(M+l). Analysis for 
C33H37CI2N3O2M.OH2O: Calculated: C, 66.44; H, 6.59; N, 7.04; Found: C. 66.43; H, 
6.39; N ? 6.80. The procedure may conveniently be carried out with the assistance of a robot. 

Examples 1 7-S4 

Using a procedure similar to that described in Example 16, except replacing the 
1,2,3.4-tetrahydroisoquinoline with the requsite amine, the following compounds of formula I 
wherein Q* is 4-acetamido-4-phenylpiperidino, Q2 is 3.4-dichlorophenyl, Q 3 is hydrogen and 
Q 4 is as defined, were prepared. Reaction products were analysed by high performance 
liquid chromatography on a HYPERSIL ODS column (4.6 x 250 mm), using a flow rate of 
1 .5 mL/minute, and UV detection (280 nm), with a column temperature of 40 °C. The 
eluents were prepared as follows: 

Solvent 1 =0.1% trifluoroacetic acid in water 
Solvent 2 = 0.1% trifluoroacetic acid in acetonitrile 
Solvent 3 = 1 mM triethylamine in water 
Solvent 4 = 1 mM triethylamine in acetonitrile 

Solvent A. linear gradient : time 0 minutes. 5:95 (Solvent 4:Solvent 3); time 3.0 minutes, 
5:95 (Solvent 4:Solvent 3); time 17.0 minutes, 95:5 (Solvent 4; Solvent 3); time 18 minutes, 
5:95 (Solvent 4:Solvent 3). 

Solvent B, linear gradient: time 0 minutes, 75:25 (Solvent 2:Solvent 1); time 17.0 minutes, 
75:25 (Solvent 2; Solvent 1); time 18 minutes, 95:5 (Solvent 2:Solvent 1); time 20 minutes, 
75:25 (Solvent 2:Solvent 1). 

Example 17. Q^-CarbamoyW-phenylpiperidino; MS: m/z=649(M+l); 
HPLC: Solvent A, rt=l 1.07. 

Example 18. Q^-PhenyM-propylamino; MS: m/z=580(M+l); HPLC: 
Solvent A, rt=l 1.70. 
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Example 19- Q 4 =3-Chlorobenzylamino; MS: m/z=586(M+l); HPLC: Solvent 

B,rt= 15.27. 

Examp l e 2Q . Q 4 =2-Thienylmethylamino; MS: m/z=558(M+l); HPLC: Solvent 

B. rt=6.86. 

Example 21- Q 4 =4-(Aminosulfonyl)phenethylamino: MS: m/z=645(M+l); 
HPLC: Solvent B, rt=4. 54. 

Examp l e 22 - Q 4 ^-Phenyl-1.2J.6-tetrahydropyrid-l-yl; MS: m/z=604(M+l); 
HPLC: Solvent B,rt=2 1.66. 

Example 23 - Q 4 =4-(Dimethylamino)benzylamino; MS: m/z=595(M+l); 
HPLC: Solvent B. rt=6.06. 

Examp l e 2 4 - Q 4 =3,5-Dimethoxyanilino; MS: m/z=598(M+l); HPLC: Solvent 

B.rt=13.98. 

Example 2*? - Q^S-Omidazol-l-yOpropylamino; MS: m/z=570(M+l); HPLC: 
Solvent B,rt=6.13. 

Example 26 - CH^-(Hydroximino)phenethylamino; MS: m/z=595(M+l); 
HPLC: Solvent B,rt=8.96. 

E xample 27 - Q 4 =2-amidazol-4.yl)ethylamino; MS: m/z=556(M+l); HPLC: 
Solvent B,rt=6. 18. 

Ex a mple 78 . <^3-Hydroxy-3-phenylpyn-olidin-l -yl; MS: m/z=608(M+l); 
HPLC: Solvent B, rt=7.56. 

Ex a mple 29 - Q^N^Fur^-ylmethyO-N-methylamino; MS: m/z=556(M+l); 
HPLC: Solvent B, rt=12.85. 

Example 30 - Q^Fur-2-ylmethylamino; MS: m/z=542(M+l); HPLC: Solvent 

B, rt=6.13. 

Example II. Q 4 =2-(Indol-3-yl)ethylamino; MS: m/r=605(M+l); HPLC: 
Solvent B,rt= 12.55. 



WO 96/24582 



- 46 - 



PCT/GB96/00259 



Example 32- Q 4 =2-(5-Fluoroindol-3-yl)ethylamino; MS: m/z=623(M+l); 
HPLC: Solvent B,rt= 12.83. 

Example 23- Q 4 =3,4-(methylenedioxy)benzylamino; MS: m/z=596(M+l); 
HPLC: Solvent B.rt=l 0.71. 

Example 34. Q 4 =4-Hydroxy-4-phenylpiperidino; MS: m/z=622(M+l); HPLC: 
Solvent B.rt= 10.22. 

Example 35- Q^Indan-l-ylamino; MS: m/z=578(M+l); HPLC: Solvent B. 

rt= 15.60. 

Example 36- Q 4 =4-Phenylpiperidino; MS: m/z=606(M+ 1 ); HPLC: Solvent B. 

rt=22.10. 

Example 37. Q^-AcetamidomethyM-phenylpiperidino; MS: 
m/z=677(M+l); 

Example 38. Q 4 =N-Methyl-N-(2-pyridylmethyl)amino; MS : m/z=567(M+l); 
HPLC: Solvent B, rt=7.05. 

Example 39- Q 4 =N-Methyl-N-(6-methylpyrid-2-ylmethyl)amino; MS: 
m/z=581(M+l); HPLC: Solvent B, rt=7.28. 

Example 40- Q 4 =2-(Pyrid-2-yl)ethyIamino; MS: m/z=567(M+l); HPLC: 
Solvent B. rt=6.58. 

Example 41- Q 4 =N-Methyl-N-(3-pyridylmethyl)amino; MS : m/z=567(M+l); 
HPLC: Solvent B, rt=6.74. 

Example 4?,. Q^-Pyridylmethylamino; MS: m/z=553(M+l); HPLC: Solvent 

B, rt=5.64. 

Example 43- 0^3,5-Dimethylanilino; MS: m/z=566(M+l); HPLC: Solvent 

B, rt=20.55. 

Example 44- Q^^-Dichlorobenzylamino; MS: m/z=624(M+l); HPLC: 
Solvent B,rt=l 6.75. 
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Ex a mple 45 - Q 4 =3-Methoxybenzylamino; MS: m/z=582(M+l); HPLC. 
Solvent B.rt=l 2. 18. 

E xample 46 - Q^-Methoxyphenethylamino; MS: m/z=596.598(M+l); HPLC: 
Solvent B. rt=14.36. 

Example 47 - Q^-CMorophenethylamino; MS: m/z=602(M+l); HPLC: 
Solvent B. rt= 18.64. 

Example 48 - Q^N^MemyOphenethylamino; MS: m/z=580(M+l); HPLC: 
Solvent B. rt=20.44. 

Example 4° . Q 4 =3.4.5-Trimethoxyanilino; MS: m/z=628(M+l); HPLC: 
Solvent B.n= 10.67. 

Example ^0 - Q^-O-Memylpyrrol^-yltemylamino; MS: m/z=569(M+l); 
HPLC: Solvent B, rt= 10.71. 

Example £1 . Q 4 =2.6-Dichlorobenzylamino; MS: m/z=624(M+ 1 ); HPLC : 
Solvent B,rt=16.55. 

Example 52 . Q^N-Methy l-N-(2-pyrid-2-y lethyl)amino; MS : m/2=581(M+l); 
HPLC: Solvent B, rt=6.64. 

E x a mp l e S3 . Q 4 =3,4,5-Trimethoxybenzylamino; MS: m/z=642(M+l); HPLC: 
Solvent B. rt=9.57. 

E xample 54 . Q^-Aminobeiizylamino; MS: m/z=567(M+l); HPLC: Solvent 

B, rt=5.63. 

Example N-methyl-N<2.methoxyben2yl>3-p,4-dichlorophenyl)-5-(4-(2-methyl. 
sulfmylphenyl)piperidmo)pentanamide hydrochloride salt. 

To a stirred solution of N-methyl-N^-methoxybenzj'O-S-O^-dichlorophenyl)- 
5-oxopentanamide (0. 135 g) in tetrahydrofuran (2 mL) was added 4-(2-methyI- 
sulfinylphenyl)piperidine (0.120 g) followed by acetic acid (0.026 g) and methanol (1 mL). 
The solution was stirred 10 minutes, sodium cyanoborohydride (0.025 g) in methanol (10 
mL) was added, and the solution was allowed to stir for 2 hours. The solvent was evaporated 
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and the residue dissolved in ethyl acetate (20 mL) and extracted sequentially with saturated 
sodium bicarbonate (10 mL) and brine (10 mL). The organic phase was dried, filtered and 
evaporated. The resulting oil was purified by chromatography, with 

dichloromethanermethanol (82:8) as the eluent, to give the free base, which was convened to 
it's hydrochloride salt by dissolving in dichloromethane (5 mL) and treating with hydrogen 
chloride (6M dioxane solution. 0.5 mL). Evaporation gave the title amine hydrochloride 
(0.154 g) as a white solid; MS: m/z=601(M+l). Analysis for: C 3 2H3 8 Cl2N2O 3 S*2.0 
H 2 O1.0HCl: Calculated: C, 57.02; H, 6.43; N. 4.16: Found: C, 56.98: H. 6.39; N. 4.24. 

The intermediate N-methyl-N-(2-methoxybenzyI)-3-(3,4-dichlorophenyl)-5- 
oxopentanamide was prepared as follows. 

a. 4 -EthoxycarbonyUN-methyl-N-(2-methoxybenzyl)-3-(3,4«dichlorophenyl)- 
butanamide. 3-(3,4-Dichlorophenyl)-l,5-pentanedioic acid monoethyl ester (6.30 g) was 
added to a solution of oxalyl chloride (7.60 g) in dichloromethane (75 mL) at -15 °C followed 
by dimethylformamide (0.10 mL). The reaction was stirred 30 minutes at -1 5 °C . and 2 
hours at room temperature. The reaction was evaporated. The residue was dissolved in 
dichloromethane (50 mL), cooled to 0 °C and treated with N-methyl-N-(2- 
methoxybenzyl)amine hydrochloride (4.00 g) followed by triethylamine (4.36 g). The 
solution was allowed to gradually warm to room temperature and stir overnight. The solution 
was diluted with dichloromethane (100 mL) and extracted sequentially with 1M HC1 (100 
mL), saturated sodium bicarbonate (100 mL) and brine (100 mL). The organic phase was 
dried and evaporated. The resulting oil was purified by chromatography, with diethyl ether 
as the eluent to give the amide (8.35 g) as an oil. 

b. 5-Hydroxy-N-methyI-N-(2-methoxyben2yl>3-(3,4- 
dichlorophenyl)pcntanamide. The compound from sub-part (a) (2.1g) was dissolved in 
tetrahydrofuran (80 mL) and treated with lithium borohydride (0.1 10 g). The mixture was 
heated at reflux for 5 hours, and stirred for 2 days at room temperature. The mixture was 
diluted with ethyl ether (120 mL) and extracted sequentially with 1M HC1 (50 mL), saturated 
sodium bicarbonate (50 mL) and brine (50 mL). The organic phase was dried, evaporated, 
and purified by chromatography, with ethyl acetate as the eluent, to give the alcohol as an oil. 
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c. N-Methyl-N-(2-methoxybenzyl)-3-(3,4-dichlorophenyl)-5-oxopentanainide. A 

solution of dimethylsulfoxide (0.5 1 0 g) in dichloromethane (2 mL) was added to a solution of 
oxaJyl chloride (0.368g) in dichloromethane (1 1 mL) dropwise at -78 °C. The mixture was 
stirred for 5 minutes at -78 °C and the compound from sub-part (b) (1 .04 g) in 
dichloromethane (5 mL) was added. Stirring was continued for 20 minutes as the 
temperature was allowed to gradually rise to -50 °C. The temperature was returned to -78 °C, 
then triethylamine (1.32 g) was added. The solution was allowed to warm to room 
temperature and stir for 1 5 minutes. The solution was diluted with brine (1 00 mL) and 
extracted three times with dichloromethane (75 mL). The combined dichloromethane 
extracts were extracted successively with 1M HC1 (100 mL), saturated sodium bicarbonate 
( 1 00 mL) and brine ( 1 00 mL). The organic phase was dried and evaporated to give the 
aldehyde ( 1 .00g) as an oil. The aldehyde was used without further purification. 

Examples Sfi-jfl 

Using a procedure similar to that described in Example 55, except replacing the 
4-(2-methylsulfinylphenyl)piperidine with the requsite piperidine, the following compounds 
of formula I wherein Q2 ^ 3,4-dichlorophenyl, Q3 is hydrogen , Q* is N-(2-methoxybenzyl)- 
N-methylamino. and Q 1 is as defined were prepared. 

Example 56 Q =4-(2-Oxo-2.3-dihydrobenzimidazol- 1 -y 1 )piperidino: MS : 
m/z=595(M+l). Analysis for: C3 2 H3 6 Cl 2 N 4 O 3 -0.50 H 2 0: Calculated: C, 63.57; H, 6.17; 
N, 9.27; Found: C, 63.55; H, 5.98; N, 9.32. 

E xample 57 , Q=a radical of formula VIII; MS: m/z=609(M+l). Analysis for: 
C 3 3H3 8 Cl 2 N 4 O 3 «0.40 H 2 0: Calculated: C, 64.26; H, 6.34; N, 9.08; Found: C, 64.32; H, 
6.26; N, 9.33. 

Ec a mplfi 58 Q'=4-Piperidinopiperidino; MS: m/z=546(M+l). Analysis for: 
C 30 H 41 Cl 2 N 3 O 2 «0.40 H 2 O2.0 HC1: Calculated: C, 57.50; H, 7.04; N, 6.71; Found: 
C,57.39; H, 6.78; N, 6.84. 

Examples 59-65 
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Using a procedure similar to that described in Example 16, except replacing the 
K2,3.4-tetrahydroisoquinoline with the requsite amine, the following compounds of formula I 
wherein Q 1 is 4-acetamido-4-phenylpiperidino, Q2 is 3.4-dichlorophenyl, Q3 is hydrogen and 
Q 4 is as defined, were prepared. 

Example £2, Q 4 =N-(3,5-Dichlorobenzyl)-N-methylamino; MS: 
m/z=634(M+l). 

Example 60 Q 4 =4-(Ethoxycarbonyl)anilino; MS: m/z=610(M+l). 

Example 6L Q 4 =N-methyUN.(3-methoxyphenethyl)amino; MS: 
m/z=610(M+l). Analysis for: C 3 4H 41 Cl 2 N 3 O 3 -1.0 HCL: Calculated: C, 60.58; H. 6.73; N, 
6.23: Found: C. 60.40; H. 6.40: R 6.63. 

Example 62, Q 4 =N-Indan-l-yl-N-methylamino; MS: m/z=592(M+l). 
Analysis for: C^H^C^NjO^O.eS H 2 0: Calculated: C* 67.58; H, 6.72; N, 6.95: Found: 
C 67.5 1;H, 6.63; N, 6.97. 

Example 63, Q 4 =N=Methyl-N-(2-methoxyphenethyl)-amino; MS: 
m/z=610(M+l). Analysis for: C 34 H 41 Cl 2 N 3 O 3 »0.70 H 2 O1.0 HC1: Calculated: C 61.90; 
H, 6.63; N, 6.37; Found: C, 61.84; H, 6.52: N, 6.41. 

Example 64, Q 4== 3-Hydroxy-3-phenylpiperidino; MS: m/z=622(M+l). 

Example 65. Q 4 =4-Phenylpiperidino; MS: m/z=621(M+l). Analysis for: 
C 36 H44Cl 2 N 3 O2*1.30H2O* 1.0 Iodide: Calculated: C, 56.01; H, 6.08; N, 5.44; Found: C, 
55.89; H, 5.80; N, 535. 

Examples 66-fi7 

Using a procedure similar to that described in Example 55, except replacing the 
4-(2-methylsulfinylphenyl)piperidine, with 4-[(S*)-2-methyIsulfinylphenyl]piperidine 
(prepared as described in International Patent Application Publication Number WO 95/16682 
at Example 68), the following diasteroemers of formula I wherein Q 2 is 3,4-dichlorophenyl, 
Q 3 is hydrogen , Q 4 is N-(2-methoxybenzyl)-N-methylamino, and Q 1 is as defined, were 
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prepared. The product of the reaction was separated by high performance liquid 
chromatography on a CHIRACEL OD column (1 7.5 cm x 20 mm), with hexane:ethanol as 
the mobile phase, at a flow rate of 9 mL/minute. with UV detection (220 nm). The first 
diasteromer to elute from the column is described in Example 66 and the second to elute is 
described in Example 67. 

Example 66 , Q = 4-[(S*)-2-methylsulfmylphenyl]piperidino; MS: 
m/z=60HM+l). Analysis for: C 32 H 3 gCl 2 N 2 O3S.1.40 H 2 O1.0 mandelic acid: Calculated: 
C. 61.67: H. 6.31; N. 3.60; Found: C. 61.70: H, 6.06; N. 3.75. 

Examp l e 67 . Q = 4-[(S*)-2-methylsulfinylphenyl]piperidino; MS: 
m/z=60 1 (M+ 1 ). Analysis for: C C 32 H3 8 C1 2 N 2 0 3 S« 1 .20 H 2 0 1 .0 mandelic acid: 
Calculated: C. 61.96; H, 6.29: N. 3.61: Found: C, 61.80; H. 6.02; N, 3.76. 

Example* rt«-|6f 

Using a procedure similar to that described in Example 16, except replacing the 
U,3.4-tetrahydroisoquinoline with the requsite amine, the following compounds of formula I 
wherein Qi is 4-acetamido-4-phenylpiperidino, Q2 is 3,4-dichlorophenyl, Q3 is hydrogen and 
Q 4 is as defined, were prepared. 

Example 68 , Q*=a radical of formula VII wherein E is oxy and m is 1 ; MS: 
m/z=594(M+l). Analysis for: C 3 3H3 7 Cl 2 N 3 O3.0.65 H 2 O1.0 HC1: Calculated: C, 61.67; 
H, 6.16; N, 6.54; Found: C, 61.53; H, 6.22; N, 6.54. 

E xample 69 QW(2-Thioxopyrrolidin-l-yl)piperidino; MS: m/z=629(M+l). 

Example 70 Q 4 =Norboman-2-ylamino; MS: m/z=556(M+l). 

Example 71 , Q 4 =Cyclopentylamino; MS: m/z=6530(M+l). 

Example 72. Q 4 =CycIohexylamino; MS: m/z=544(M+l). 

Example 73 Q 4 =l,2,3,4-TetrahydroiiaphthO-ylainino;MS: m/z=592(M+l). 

E x a mple 74 Q =N-[(S)^-Hydroxy^)-p-memyIphenemyl]-N-(memyl)ainino; 
MS: m/z=610(M+l). 



WO 96/24582 PCT/GB96/00259 

- 52 - 

Example 75, Q 4 =l-Pynx>lidinyIamino; MS: m/z=531(M+l). 

Example 76, Q 4 =2-(l-Methylpyrrolidin-2-y])ethylamino; MS: 
m/z=573(M+l). 

Example 77, Q 4 =(l-Naphthylmethyl)amino; MS: m/z==602(M+l). 

Example 78. Q 4 =N.N-dibenzylamino; MS: m/z=642(M+l). 

Example 79 Q 4 =ThiazoI-2-ylamino; MS: m/z=545(M+l). 

Example 80. Q 4 =(Tetrahydrofuraii-2-ylmethyl)amino; MS: m/z=546(M+l). 

Example &L Q 4 =(2-Indol-3-yl- 1 -methylethyl)amino; MS: m/z=619(M+l). 

Example 82, Q 4 =a radical of formula VIII; MS: m/z=676XM+l). 

Example 83, Q 4 =(2-Pyridylmethyl)amino; MS: m/z=553(M+l). 

Example 84. Q 4 <2-(3-PyridyI)piperidino: MS: m/z=607(M+l). 

Example 85. Q 4== N-(1 -Benzylpiperidin-4-yl)amino; MS: m/z=635(M+l). 

Example 86. Q 4 =3-Trifluoromethylbenzylamino; MS: m/z=620(M+l). 

Example 87. Q 4 =3-Memylbenzylamino; MS: m/z=566(M+l). 

Example 88. Q 4 =a-(Phenyl)phenethylamino; MS: m/z=642(M+l). 

Example 89. Q 4 =(2-Ethylhexyl)amino; MS: m/z=574(M+l). 

Example 90. Q 4 =3-(Carbamoyl)piperidino; MS: m/z=573(M+l). 

Example 91. Q 4 =(3,3-Dimeihylbutyl)amino; MS: m/z=546(M+l). 

Example 92. Q 4 =N-Benzyl-N-(ethoxycarbonyImethyl)amino; MS: 
m/z=638(M+l). 

Example 93, Q 4 =N-Butyl-N-methylamino; MS: m/z=532(M+l). 

Example 94. Q 4 =2-Indanylamino; MS: m/z=578(M+l). 

Example 95. Q 4 =N-Methyl-N-( 1 -naphthylmethyl)amino; MS: m/z=616(M+l). 
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Example 96. Q 4 ^,7-Dimethoxy-l,2,3,4-tetrahydroisc>qumol-2-yl; MS: 
m/z=638(M+l). 

Example 97. Q 4 =a-Oxophenethylamino: MS: m/z=580(M+l). 

Example 98 , Q 4 =N-Ethyl-N-(4-pyridylmethyl)ainino; MS: m/z=581(M+l). 

Examp l e 99 , Q 4 =(cyclopropylmethyl)amino: MS: m/z=516(M+l). 

Examp l e 100 , Q 4s =4-Acetyl-4-phenylpiperidino; MS: m/z=648(M+l). 

Example 101 Q 4 =N-[(R)-a-methylbenzyI]-N-methylamino; MS: 
m/z=580(M+l). 

E x a mple 10? Q 4 =(R)-N-( 1 -Naphth- 1 -ylethyl)amino; MS : m/z=616(M+l). 

E xample 101 Q 4 =(S)-N-( 1 -Naphth- 1 -ylethyl)amino; MS: m/z=616(M+l). 

Ex a mple 104 , Q 4=r N-[(R)-a-Hydroxy-(S)-P-methylphenethyl]-N-methylamino; 
MS: m/z=610(M+l). 

Example 105 , Q 4 =(R)-a-methylbenzylamino; MS: m/z=566(M+l). 

Example 1 06 Q 4 ^S>a-methylbenzylamino; MS: m/z=566(M+l). 

Example 107 , Q 4 =4-(4-Bromophenyl)-4-hydroxypiperidino; MS: 
m/z=700(M+l). 

Example 108, Q 4 =N-Methyl-N-[(R)-a-methyIbenzyl]amino; MS: 
m/z=580(M+l). 

Ex a mp l e 109 , Q 4 =N-(3,4-Dimethoxyphenethyl)-N-methylamino;MS: 
m/z=640(M+l). 

E xample 110 Q 4 =[(lS^SH,4-Dimethyl-3,5-dioxacyclohex-l-yl]amino (a 
radical of formula IX); MS: m/z=652(M+l ). 

Example 111. Q 4 =l-Adamantylamino; MS: m/z=596(M+l). 
Examp l e 11? . Q 4 =(3-Adamanthylmethyl)amino; MS: m/z=610(M+l). 
Example 1 1 3 Q 4 =Quinuclidin-3-ylamino; MS: m/z=571(M+l). 
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Q 4 =(Cyclohexylmethyl)amino; MS: m/z=558(M+l). 
Q 4 =(S)-P-Melhoxycarbonyl-4-hydroxyphenethyIamino: MS: 

Q 4 =4,5-Dihydrothiazol-2-ylamino; MS: m/z=547(M+l). 
Q 4 =N-(2-Indolo-ylethyl)-N.methylamino; MS: m/z=619(M+l). 
Q 4 =2-(5-Methoxyindol-3-yl)ethylamino; MS: m/z=635(M+l). 
Q 4 =2.(6-Methoxyindol-3-yl)ethylamino; MS: m/z=635fM+l). 
Q 4 =Benzothiazo-2-ylamino; MS: m/z=595(M+l). 
Q 4 =4-Phenylpiperazin-1 -yl; MS: m/z=607(M+l ). 
Q 4 =4-Benzylpiperidino: MS: m/z=620(M+l). 
Q 4 -2-Pyridylamino; MS: m/z=539(M+l). 
Q 4 =(3-Pyridylmethyl)amino; MS: m/z=553(M+l). 
Q 4 =2-Fluorobenzylamino; MS: m/z=570(M+l). 
Q 4 =2,4-Dichlorobenzylamino: MS: m/z=621(M+l). 
Q 4 =2-Ethozybenzylamino: MS: m/z=S96(M+l). 
Q 4 =3-Fluorobenzylamino; MS: m/z=570(M+ 1 ). 
Q 4 =2-Adamantylamino; MS : m/z=596(M+ 1 ). 
Q 4 =3 ,4-Dimethoxybenzy lamino; MS : m/z=6 1 2(M+ 1 ). 
Q 4 =4-Fluorobenzylamino; MS: m/z=570(M+l). 
Q 4 =4-Methoxybenzylamino; MS: m/z=582(M+l). 
Q 4 =4-Methylbenzylamino; MS: m/z=566(M+l). 
Q 4 =(2-Methylbutyl)amino; MS: m/z=532(M+l). 
Q 4 =Phenethylamino; MS: m/z=566(M+l). 
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Example 136. Q 4 =2-Chlorophenethylamino; MS: m/z=601(M+l). 

Examp l e 1 37 , Q 4 =3-Methoxyphenethylamino: MS: m/z=596(M+l). 

Example 1 38. Q=4-Bromophenethylamino; MS: m/z=644(M+l). 

Example 139. Q 4 =(3-Methylbutyl)amino; MS: m/z=532(M+l). 

Example 14Q. Q 4 =(4-Phenylbutyl)amino: MS: m/z=594(M+l). 

Example 141 Q 4 =(butyl)(ethyl)amino; MS: m/z=546(M+l). 

Example 14? Q J =2.6-Difluorobenzylamino; MS: m/z=588(M+l). 

Examp l e 141 , Q 4 =3A5,6-Tetrahydrophenethylamino;MS: m/z=570(M+] ). 

Example 144 Q=N-[(S)-|HEthoxycarbonyl)phenethyl]amino; MS: 
m/z=638(M+l). 

Example 145. Q 4 =9-Fluorenylamino; MS: m/z=626(M+l). 

Example 14f>, Q 4 =(a-Phenylbenzyl)amino: MS: m/z=628(M+l). 

Example 147. Q*=(5-Oxo-4.5-dihydropyTazol-3-yl)amino; MS: 
m/z=544(M+l). 

Ex a mple 148 , Q 4 =4-Aminocarbonyl-4-(isopropylainino)piperidino; MS: 
m/z=630(M+l). 

Ex a mple 149 Q 4 =4-(Morpholinocarbonyl)-4-phenylpiperidino; MS: 
m/z=719(M+l). 

Example 1 50 Q 4 ^-PiperidinocarbonyM-phenylpiperidino; MS: 
m/z=717(M+l). 

Example 151, Q 4 =3,5-Dichlorobenzylamino; MS: m/z=620(M+l). 

Example 152. Q 4 =l-Phenyl-4,5-dihydropyrazol-3-ylamino; MS: 
m/z=606(M+l). 

Example 153, Q 4 =(l-Benzylpyrrolidin-3-yl)amino;MS: m/z=621(M+l). 
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Example 1 54, Q 4 =N-Benzyl-N-[(S)-a-methylbenzyl]amino; MS: 
m/z=656(M+l). 

Example 155. Q^-Aminocarbonyl-4-(methylamino)piperidino; MS: 
m/z=602(M+l). 

Example 1 56, Q 4 =;3-Methyl-3-phenylpiperidinoMS: m/z=620(M+l). 

Example 157. Q 4== (5-Methylfuran-2-yImethyl)amino; MS: m/z=556(M+l). 

Example 158, 0 4= =4-(2-Oxobenzimidazolidin-l-yl)piperidino: MS: 
m/z=662(M+l). 

Example 1 59. Q 4 =4-(Aminocarbonyl)-4-(4-piperidyl)piperidino: MS: 
m/z=656(M+l). 

Example 1 fiO. Q 4 =(5-MethyU1.3,4-thiadiazol-2-yl)amino; MS: m/z=560(M+l). 
Example 161. Q*=a radical of formula X; MS: m/z=696(M+l). 

Examples 

Using a procedure similar to that described in Example 1 6, except replacing the 
1,2,3,4-tetrahydroisoquinoline with the requsite amine, the following compounds of formula I 
wherein Q 1 is 4-acetamido-4-phenylpiperidino, Q 2 is 3.4-dichlorophenyl, Q 3 is hydrogen and 
Q 4 is as defined, were prepared.. 

Example 162. Q 4 =N-Ethyl-N-(2-methoxybenzyl)amino; MS (CI): 
m/z=610(M+l). Analysis for C34H4jCl2N3O3-l.OHCl-O.5H2O: Calculated: C, 62.24; H, 
6.60; N, 6.40; Found: C, 62.15; H, 6.55; R 6.45. 

Example 163, Q 4 =N-(3,5-Dimethylbenzyl).N-methylamino; MS (CI): 
m/z=594(M+l). Analysis for C 34 H 4I Cl2N 3 O2*1.0 HC1-1.6 H 2 0: Calculated: C, 61.88; H, 
6.90; N, 6.37; Found: C, 61.77; H, 6.64; N, 6.10. 

Example 164- 5-(4-Acetamido^-phenylpiperidino)-3-(3,4-dichlorophenyl)-N-[3,5- 
bis(trifluoromethyl)benzyl]pentanamide. 



WO 96A24S82 



- 57 - 



PCT/GB96/00259 



Using a procedure similar to that described in Example 1 , except replacing ethyl 
5-(4-hydroxy-4-phenylpiperidino)-3-(3 ,4-dichloropheny l)pentanoate with ethyl 
5-(4-acetamido-4-phenyl-piperidino)-3-(3,4-dichlorophenyl)pentanoate and replacing benzyl 
amine with bis(trifluoromethyl)benzylamine. the title compound was prepared: mp 
130-138 °C; MS: m/z=690(M+l); NMR (dimethylsulfoxide-d6): 1.93 (s,3), 2.0-2.18 (m,4), 
2.50-2.70 <m,4). 2.79-2.94 (broad.l), 3.0-3.26 (m,4), 3.50 (t,2), 4.23-4.53 (m,2), 7.10-7.63 
(m.8). 7.80 (s.2). 7.89 (s,l). Analysis for C 3 3H3 3 C1 2 F 6 N 3 0 2 : Calculated: C, 57.57; H, 4.83; 
N. 6.10: Found: C, 57.62: H. 5.03; N, 5.94. 

Example Ifis-i7ft 

Using a procedure similar to that described in Example 16, except replacing the 
1.2.3.4-tetrahydroisoquinoline with the requsite amine, the following compounds of formula I 
wherein Qi is 4-acetamido-4-phenylpiperidino, Q2 is 3,4-dichlorophenyl, Q3 is hydrogen and 
Q 4 is as defined, were prepared.. 

Example 165 , Q 4 =N-(3,5-Dimemylbenzyl)amino; MS: m/z=580(M+l). 
Analysis for C33H3 9 Cl 2 N 3 O2-0.35H 2 O: Calculated: C, 67.49; H, 6.82; N, 7.73; Found: C, 
67.48: H. 6.71; N, 7.06. 

Example 166 Q 4 =Anilino; MS: m/z=538(M+l). Analysis for 
C3 0 H 3 3Cl 2 N 3 O 2 »0.30 H 2 0; Calculated: C, 66.24; H. 6.23; N, 7.73; Found: C, 66.44; H, 
6.17; N, 7.51. 

Example 167 Q 4 =N-Methyl-N-(phenylsulfonyl)amino; MS : m/z=616(M+l). 

Example 168 Q 4 =Phenylsulfonylamino; MS: m/z=602(M+l). 

E xample 169 Q*=N-Methoxy-N-methylamino; MS: m/z=506(M+l). 

Example 170 Q 4 =3,5-DicMoroanilino; MS: m/z=606(M+l). Analysis for 
C30H31C14N3O2-0.23 H 2 0: Calculate: C, 58.92; H, 5.18; N, 6.87; Found: C, 58.91; H, 
5.20; N, 6.94. 

E x a mple 171 (R^5-(4-Acetamido-4-phenylpiperidmo)-3-(3,4-dichlorophenyl)-N-(2- 
methoxybenzyl)-N-methylpentanamide. 
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Using a procedure similar to that described in Example 16. except replacing the 
L2.3.4-tetrahydroisoquinoline with 4-acetamido-4-phenylpiperidine. and replacing the 
racemic 5-(4-acetamido-4-phenylpiperidino)-3-(3,4-dichlorophenyI)pentanoic acid with the 
requsite enantiomer. the title compound was prepared: MS: myz=596(M+l). Analysis for 
C 3 3H3 9 Cl 2 N3O 3 -030 H 2 0: Calculated: C, 65.84; H, 6.63; N. 6.98; Found: C, 65.74; H, 
6.58; N, 7.10. 

Example 172. (S*)-5-(4.Acetamido-4-phenylpiperidino)-3-(3,4-dichlorophenyl)-N-(2- 
methoxybenzyl)-N-methylpentanamide 

Using a procedure similar to that described in Example 16. except replacing the 
1.2.3.4-tetrahydroisoquinoIine with 4-acetamido-4-phenylpiperidine, and replacing the 
racemic 5^4-acetamido-4-phenylpiperidino).3-(3,4-dichlorophenyl)pentanoic acid with the 
requsite enantiomer. the title compound was prepared; MS: m/z=596(M+l). Analysis for 
C 3 3H3 9 Cl2N 3 O 3 *0.2 H 2 0: Calculated: C, 66.04; H, 6.62: N, 7.00: found: C, 66.04; H. 6.67; 
N, 7.16. 

The intermediate chiral acids used for the preparation of the compounds of 
Examples 169 and 170 were prepared as follows. These acids are also compounds of the 
invention. 

A racemic mixture of the ethyl ester of Example 15 was resolved by high 
performance liquid chromatogyaphy using a Chiracel OD (50mm x 50 cm ) column, with 
hexane:ethanol (50:50) as the eluent and a flow rate of 54 mL/minute. The first ester 
enantiomer to elute had a retention time of 14 minutes. This ester was hydrolysed under 
standard conditions to give the corresponding acid. The acid was used for the coupling 
reaction in Example 169. The second ester enantiomer to elute had a retention time of 
19 minutes. This ester was hydrolysed under standard conditions to give the corresponding 
acid. The acid was used for the coupling reaction in Example 170. 

Example LZ1 5-[4K2-Oxoperhydropyrimidin- 1 -yl)piperidino]-3-(3,4^iichlorophenyl)-N-(2- 
methoxyben2yl)-N-methylpentanamide. 

3-(3,4-DicWorophenyl)-N-(2-methoxybenzyl)-N-methyl-5K)xopentanamide (0.1 
molar in tetrahydrofiiran, 5 mL) was added through a syringe to 2-oxoperhydropyrimidin-l- 
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ylpiperidine (0.5 mmol) and the mixture was pulse-vortexed for 30 seconds. Glacial acetic 
acid (0.7 mmol) was added and the solution was allowed to stir for 10 minutes at room 
temperature. A solution of sodium cyanoborohydride in methanol (0.08 molar. 10 mL) was 
added in 4 portions with pulse-vortexing between each addition. The reaction was allowed to 
stir over night and the volume was decreased to approximately 3 mL using a centrifugal 
evaporator. Ethyl acetate was added and the soulution was pulse-vortexed for for 30 seconds. 
The solution was taken up using a canula and transfered to a 25x150 mm tube. Ethyl acetate 
(2 mL) and saturated aqueous sodium bicarbonate (9 mL) were added and the mixture was 
pulse-vortexed. After 20 minutes, the aqueous layer was removed and the organic layer was 
washed with brine (8 mL). After 20 minutes, the brine was removed and the organig solution 
was concentrated using a centrifugal evaporator. The concentrate was transfered to vials and 
evaporated to give the title compound; MS: m/z=561(M+l). Analysis for 
C 29 H3 8 CI 2 N 4 O 3 .0.50 H 2 0: Calculated: C, 61.05; H, 6.89; N, 9.82; Found: C, 61.04; 

H. 6.73; N. 9.73. The procedure may conveniently be carried out with the assistance of a 
robot. 

Examples 17 4-177 

Using a procedure similar to that described in Example 173, except replacing the 
2-oxoperhydropyrimidin-l -ylpiperidine with the requsite piperidine, the following 
compounds of formula I wherein Q2 j s 3.4-dichlorophenyl, Q3 is hydrogen , Q* is N-(2- 
methoxybenzyl>N-methylamino, and Q' is as defined were prepared. 

Ex a mple 174 Q =4-(2-Oxopiperidino)piperidino; MS: m/z=560(M+l). 
Analysis for C 30 H3oCl 2 N303-0.55H 2 0: Calculated: C, 63.16; H, 7.08; N, 7.37; Found: C, 
63.14; H, 6.90; N, 7.46. 

Example 17*> Q'^-(N,N-Dimemylammocarbonyl)-4-(2-oxopiperiduio)- 
piperidino; MS: m/z=631(M+l). Analysis for C 3 3H44Cl 2 N 4 Cv0.40 H 2 0: Calculated: C, 
62.04; H, 7.07; N, 8.77; Found: C, 61.85; H, 6.86; N, 8.97. 
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Example 1 76 Q^-(Methylaminocarbonyl)-4-(2-oxopiperidino)piperidino; 
MS: m/z=617(M+l). Analysis for C^^C^^CVO.SO H 2 0: Calculated: C, 61.34; H, 
6.92: N. 8.94; Found: C 61.14; H. 6.86: N. 9.16. 

Example 177, QW-(Carbamoyl)-4-piperidinipiperidino; MS: m/z=589(M+l). 
Analysis for C^F^CWWl.O H 2 O2.0 HC1: Calculated: C, 54.71; H, 6.81; N, 8.23; 
Found: C, 54.60; 6.64; N, 8.06. 

Example 178. 3-(3.4.Dichlorophenyl)-5-(4-hydroxy^.phenylpiperidino)-N-methyl-N-(2- 
methylphenyl)pentanamide. 

Using a procedure similar to that described in Example 1. except replacing the 
benzylamine used therein with N-methyl-N-(2-methylphenyl)amine. the title compound was 
prepared; MS: m/z=509(M+l). 

Example 1 79. 4-Acetamido- 1 -[3-(3 ? 4-dichlorophenyl)-4-(N-(2.methoxybenzyI)-N- 
methylaminocarbonylbutyl]-! -methyl-4-phenylpiperidinium iodide. 

N-Methyl-N-2-(methoxybenzyl)-5-(4-acetamido-4-phenylpiperidino)-3-(3,4- 
dichlorophenyl)pentanamide (the compound of Example 10, 0.075 g) was dissolved in 
dichloromethane (5 mL). Iodomethane (71 mg) was added. After 2 days at room 
temperature, the solution was evaporated. The resulting residue was triturated with ethyl 
ether to give the title compound (0.070 g); MS: m/z=61 1 (M+l ). Analysis for 
C 3 4H4 2 Cl2lN 3 CV0.65 H 2 0: Calculated: C, 54.43; H. 5.82; N, 5.60; Found: C, 54.76; H, 
5.79; N, 5.43. 

Eaamglfi 1 8Q. 4-Acetamido- 1 -[3-(3 ? 4-dichlorophenyl>4-(N-(2-methoxybenzyl)-N- 
methylaminocarbonylbuty l]-4-pheny lpiperidine 1 -oxide. 

N-Methyl-N-2-(methoxybenzyl)-5-(4-acetamido-4-phenylpiperidino)-3-(3,4- 
dichlorophenyl)pentanamide (the compound of Example 10, 0.100 g) was dissolved in 5 mL 
dichloromethane and treated with meta-chloroperoxybenzoic acid (0.100 g) at room 
temperature. The mixture was stirred for 3 hours, evaporated and purified by column 
chromatography on neutral alumina, eluting first with dichloromethane and gradually 
increasing to 9:1 dichloromethane: methanol, to give the title compound (58 mg) as a 
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foamy solid; MS: m/r-612(M+l). Analysis for C 3 3H 39 C1 2 N 3 0 4 . 1.30 H 2 0: Calculated: 
C, 62.32: H. 6.58; N. 6.61; Found: C. 62.12: H. 6.21; N. 6.71. 

Example m.pfto 

Using a procedure similar to that described in Example 1 73, except replacing the 
2-oxoperhydropyrimidin-l-ylpiperidine with the requsite piperidine. the following 
compounds of formula I wherein Q2 is 3,4-dichlorophenyl, Q3 j s hydrogen , Q 4 is N-(2- 
methoxybenzyl).N-methylamino. and Q' is as defined were prepared. 

Example 181 QW-Hydroxy^-phenylpiperidino; MS: m/z=555(M+l). 

Example 18? Q'=4-Cyano-4-phenylpiperidino;MS: m/z=564(M+l). 

Ex a mple 18~* Q'=4-Benzyl-4-hydroxypiperidino; MS: m/z=569(M+l). 

E xample 184 Q'^<a-Hydroxy-a-Phenylbenzyl)piperidino; MS: 
m/z=645(M+l). 

Example IfiS Q , =4KN-Phenylpropionamido)piperidino; MS: m/z=610(M+l). 

E xample 1 86 Q W-[N-(Aminocarbony lmemyl)aminocarbonyl]-4-(2- 
oxopiperidino)piperidino; MS: m/z=660(M+l). 

E xample 1 87 Q'=4-(4-pyridyl)piperidino; MS: m/z=540(M+l). 

Example 1 88 Q W<tert-Butoxycarbonylamino)piperidino; MS: 
m/z=578(M+l). 

Ex a mple 18° Q^(phenoxyinethyl)piperidino; MS: m/z=569(M+l). 
Example 190 Q=a radical of formula Iv; MS: m/z=561(M+l). 

E2tamBle_i2LQW-[N-(2-memoxycaitonylemyl)aminocarbonyI]-4-(2- 
oxopiperidino)piperidino; MS: m/z=689(M+l). 

Ex a mplfi 19? Q l =9-Hydroxyperhydroisoquinol-2-yl; MS: m/z=533(M+l). 

E x a mple 193 Q'^-phenyM-(pytrolidin-l-ylcaxbonyl)piperidino; MS: 
m/z=636(M+l). 
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Example 194, Q^-Carboxy-4-phenylpiperidino; MS: m/z=583(M+l). 

Examplg 195, Q ,= 4-Carboxy-4-(2-oxopiperidino)piperidino; MS: 
m/z=604(M+l). 

Example 196, Q=a radical of formula Ip wherein RP a and RPb are hydrogen; 
MS: m/z=565(M+l). 

Example 197, Q=Perhydroisoquinol-2-yl; MS: m/z=517(M+l). 

Example 198. Q=a radical of formula Iq wherein Rq* and R^ d are hydrogen and 
R<J b and R<* c are methoxy; MS: m/z=639(M+l). 

Example 1 99, Q=a radical of formula Ir: MS: m/z=547(M+l). 

Example 2QQ. Q'^K2-Oxo-l,2,3,4-tetrahydroquinazolin-3-yl)piperidino; MS: 
m/z=609(M+l). 

Example 201. Q , =4-(AminocarbonylH.{N-ethylamino)piperidino; MS: 
m/z=549(M+l). 

Example 202. Q ^(AcetamidomethylM-phenyipiperidino; MS: 
m/z=610(M+l). 

Example 2Q3. Q , =4.aminocarbonyl-4-(N.N-dimethylamino)piperidino; MS: 
m/z=549(M+l). 

Example 204. Q ! =4-(Aminocarbonyl)-4-(N-isopropylamino)piperidino; MS: 
m/z=563(M+l). 

Example 2Q5, Q l== 4-(Methoxycarbonyl)-4-(2-oxopiperidino)piperidino; MS: 
m/z=618(M+l). 

Examp l e 206 . Q W-(2-Thioxopyrrolidin- 1 -yl)piperidino; MS: m/z=562(M+l). 

Example 207. Q ! =4-(Acetamido)piperidino; MS: m/z=520(M+l). 

Example 208. Q W-(5,5-Dimethy 1-2-oxoperhydropyrimidin- 1 -yl)piperidino; 
MS: m/z=589(M+l). 
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Examples ^09.7 ] 7 

Using a procedure similar to that described in Example 16. except replacing the 
1.2.3.4-tetrahydroisoquinoline with the requsite amine, the following compounds of formula I 
wherein Q> is 4-acetamido-4.phenylpiperidino. Q2 is 3.4-dichlorophenyl, Q3 is hydrogen and 
Q 4 is as defined, were prepared. 

Examp l e 209 Q - a radical of formula VII wherein E is oxy and m is 2; MS: 
m/z=608(M+l). Analysis for C 34 H 39 C1 2 N 3 0 3 .1 .40 H 2 O.1.00 HC1: Calculated: C, 60.92: H, 
6.44: N. 6.27: Found; C. 60.81: H. 6.43; N. 6.27. 

Examp l e 210 , Q 4 KR>P-MemoxycarbonyM-hydjoxyphenemylamino; MS: 
m/z=640fM+l). 

Example ?11 Q 4 =(5-phenylpyrazol-3-yl)amino; MS: m/z=604(M+l). 

Ex a mp l e?]? Q 4 =4-(2-oxopiperidino)piperidino; MS: m/z=627(M+l). 

Example 213 Q 4 =4-(2-Oxoperhydropyrimidin-l-yl)piperidino; MS: 
m/z=628(M+l). 

E xamp l e 214 Q 4 =(l-BenzyM-hydroxymemylpiperidm^yl)aimno; MS: 
m/z=665(M+l). 

Example 215. Q 4 ^-(tert-Butoxycarbonylamino)piperidino; MS. 
m/z=645(M+l). 

Example 216 Q^-Acetaimdo^-phenylpiperidino; MS: m/z=663(M+l). 

Ex a mple 717 N-Ben2yl-5K4-hydjoxy^phenylpiperidmo)-3-(3,4^chlorophenyl).N. 
methylpentanamide hydrochloride salt. 

Using a procedure similar to that described in Example 1, except replacing the 
benzylamine used therein with N-benzyl-N-methylamine followed by conversion of the free 
amine to the hydrochloride salt as described in Example 2, the title compound was prepared; 
MS: m/z=525(M+l). Analysis for C 30 H 34 Cl 2 N 2 O2.0.5 H 2 0- 1.0 HC1: Calculated: C, 63.10; 
H, 6.35; N, 4.90; Found: C, 63.02; H, 6.22; N, 4.86. 
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Examnles21g-9?7 

Using a procedure similar to that described in Example 1 73, except replacing the 
2-oxoperhydropyrimidin-l-ylpiperidine with the requsite piperazine, the following 
compounds of formula I wherein Q 2 is 3,4-dichlorophenyl, Q 3 is hydrogen , Q 4 is N-(2- 
methoxybenzyl)-N-methylamino. and Q 1 is as defined were prepared 

Example 218, QW(2-pyridyl)piperazin-l-yl; MS: m/z=541(M+l). 

Example 219. QW(furan-2-ylcarbonyl)piperazin-l-yl; MS: m/z=558(M+l). 

Example 220. QW(2-fluorophenyl)piperazin-l-yl; MS: m/z=558(M+l). 

Example 221. Q'^^-methoxyphenyOpiperazin-l-yl; MS: m/z=(570M+l). 

Example 222. Q ! =4-(4-pyridyl)piperazin- 1 -yl; MS: m/z=54 1 (M+l ). 

Example 223, Q ,= 4-(2-p>Tazinyl)piperazin-l-yl; MS: m/z=542(M+l). 

Example 224. Q ! =4-phenylpiperazin-l-yl; MS: m/z=540(M+l). 

Example 225, QW-(2-methoxyphenyl)piperazin-l-yl; MS: m/z=570(M+l). 

Example 226. QW-(3-trifluoromemylphenyl)piperazin-l-yl; MS: 
m/z=608(M+l). 

Example 227. Q l =4-(pyrrolidin-l-ylcarbonylmethyl)piperazin-l-yl; MS: 
m/z=575(M+l). 

Examnles 77*-?*l 

Using a procedure similar to that described in Example 173, except replacing the 
2-oxoperhydropyrimidin-l-ylpiperidine with the requsite piperidine, and replacing the 3-(3,4- 
dichlorophenyl)-N-(2-methoxyben2yl)-N-methyl-5-oxopentanamide used therein with an 
aldehyde of formula XI, the following compounds of formula I wherein Q 2 is 
3,4-dichlorophenyl, Q 3 is hydrogen , Q 4 is a radical of formula VII wherein E is oxy and m is 
2, and Q 1 is as defined were prepared 
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Examp l e 2 28 . Q ^(2-Oxopemydjopyrimidin-l-yl)piperidino; MS: 
m/z=573(M+l). 

Example 2 2 9 . Q l ^2-Methylsulfinylphenyl)piperidino; MS: m/z=613(M+l). 
E xamp l e 2 30 . Q'^-Carbamoyl-4-(piperidino)piperidino; MS: m/z=601(M+l). 
Examp l e 231 . Q'^-Hydroxy-4-phenyIpiperidino; MS: m/z=567(M+l ). 

Example 23? , Q'^(2-Oxo-2,3-dihydrobenzimidazol-l-yl)piperidino; MS: 
m/z=607(M+l). 

Ex a mp l e 233 . Q l =4-Carbamoyl-4-(N,N-dimethylamino)piperidino; MS: 
m/z=561(M+l). 

Example 234 QW-Acetamido-4-phenylpiperidino; MS: m/z=608(M+l). 

E x a mp l e 235 . Q W-[(S*>2-memylsulfinylphenyl]piperidino (see example66 for 
preparation of starting material); MS: m/z=613(M+l). 

Example ?,3fi Q , =4-(Methylaminocarbony])^-(2-oxopiperidino)piperidino: MS: 
m/z=629(M+l). 

Example 217 , Q ,= 4-(2-Oxopiperidino)piperidino; MS: m/z=572(M+l). 

Examnles 238 anH -710 

Using a procedure similar to that described in Example 10, except replacing the 
N-methyl-N-(2-methoxybenzyl)amine with the requsite amine, the following compounds of 
formula I wherein Q« is 4-acetamido-4-phenylpiperidino, Q2 is 3,4-dichlorophenyl, Q3 is 
hydrogen and Q 4 is as defined were prepared. 

Ex a mple 238 , Q 4 =N-(3,5-dichloro-2-memoxybenzyl)-N-memylamino; MS: 
m/z=665(M+l). 

E x a mple 23° Q 4 =N-(3,5-dichloro-2-methoxybenzyl)amino; MS: 
m/z=651(M+l). 
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Examples 240-74Q 

Using procedures similar to those described hereinabove, the following 
compounds of formula I wherein Q 2 is 3.4-dichlorophenyl, Q 3 is hydrogen , Q 4 is a radical of 
formula VII wherein E is oxy and m is 2. and Q 1 is as defined can be prepared. 

Example 240. O^-^^Oxoperhvdropyrimidin^Ky^pipffriHinn 

Example 241. Q l ==4-(2-Methylsulfinylphenyl)piperidino. 

Example 242. Q * =4-Carbamoy l-4-(piperidino)piperidino. 

Example 243. Q 1 =4-H vdroxv-4-phenylpiperidino. 

Example 244. O^^-Oxo^S-dihydrnhenyimiHflynUUyljpip^ri^no 
Example 245, Q l =4-Carbamoyl-4-(N,N-dimethylamino)piperidino. 
Example 246. Q , =4-Acetamido-4-phenylpiperidino. 

Example 247, Q 1= =4-[(S*)-2-methylsulfinylphenyl]piperidino (see example 66 
for preparation of starting material). 

Example 248, Q 1 =4-(Methy laminocarbonyl)-4-(2-oxopiperidino)piperidino. 

Example 249. Q 1 =4-(2-Oxopiperidino)piperidino. 

Examples 250-25Q 

Using procedures similar to those described hereinabove, the following 
compounds of formula I wherein Q 2 is 3,4-dichlorophenyl, Q 3 is hydrogen , Q 4 is 6-chloro- 
chroman-4-ylamino, and Q 1 is as defined can be prepared. 

Example 250. Q 1 =4-(2-Oxoperhydropyrimidin- 1 -yl)piperidino. 

Example 251. Q l =4-(2-Methylstil£inylphenyl)piperidino. 

Example 252, Ql«4-Carbamoyl-4-(piperidino)piperidino. 

Example 253. Q^-Hydroxy^-phenylpiperidino. 
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Example 254, Q'^(2-Oxo-2.3-dihydroberizimidazol-l -yl)piperidino. 
Examp l e 255 . Q 1 =4-Carbamovl-4-(N,N-dimethylamino)piperidino. 
Example 256, Q ,= 4-Acetamido-4-phenylpiperidino. 

Examp l e 2 57 . Q , =4-[(S*)-2-methylsulfinylphenyI]piperidino (see example 66 
for preparation of starting material). 

Examp l e 258 , Q ,= 4-(Methylaminocarbonyl)-4-(2-oxopiperidino)piperidino. 
Example 259, Q 1 =4-(2-Oxopiperidino)piperidino. 

Examples ?6n.?fiQ 

Using procedures similar to those described hereinabove, the following 
compounds of formula I wherein Q2 is 3,4-dichlorophenyl, Q3 i s hydrogen , Q* is 1.2,3.4- 
tetrahydronaphth-l-ylamino. and Q l is as defined can be prepared. 

Example ?60 Q 1 =4-(2-Oxoperhydropyrimidin-l -yl)piperidino. 

Example 261. Q'^-q-MemylsulfmylphenyQpiperidino. 

Example 262, Q '^-Carbamoyl-4-(piperidino)piperidino. 

Example ?63 Q^-Hydroxy^-phenylpiperidino. 

E xample 264 , Q 1 =4-(2-Oxo-2 , 3-dihydrobeiizimidazol- 1 -y 1 )piperidino. 

Example 265 Q^CarbamoyM-CN^-dimemylammo^iperidino. 

Example ?66 Q'^Acetaniido-4-phenylpiperidino. 

Example 267 Q l ^[(S*)-2-memylsmfmylphenyl]piperidino (see example 66 
for preparation of starting material). 

E xample 268 , Q *=4-(MemylammocarbonyI)-4-(2-oxopiperidmo)piperidino. 
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Example 269. Q l =4-(2-Oxopiperidino)piperidino. 

Example ^79,770 

Using procedures similar to those described hereinabove, the following 
compounds of formula I wherein Q 2 is 3,4-dichlorophenyl, Q 3 is hydrogen , Q 4 is N- 
(chroman-4-yl)-N-methylamino. and Q 1 is as defined can be prepared. 

Example 270. Q 1 ^-(2-Oxoperhydropyrimidin- 1 -y l)piperidino. 
Example 271 . Q 1= 4'(2-Methylsulfinylphenyl)piperidino. 
Example 272. Q'=^>Carbamoyl-4>(pippHHinr>)pip^ri f ii no 

Example 273. Q^-Hydroxy^-phenylpiperidino. 
Example 274. Q 1 ^-(2-Oxo-2.3-dihydrobenzimidazol- 1 -y 1 )piperidino. 
Example 275, Q 1= 4'CarbamoyM>(N y N>dimethylamino)piperidino. 
Example 276. Q^-Acetamido^-phenylpiperidino. 

Example 277, Q 1 =4-[(S*>2-methylsulfinylphenyl]piperidino (see example 66 
for preparation of starting material). 

Example 278, Q 1 ^(Methylaminocarbonyl)-4-(2-oxopiperidino)piperidino. 

Example 279. Q ls =4-(2-Oxopiperidino)piperidino. 

Example* 7«Q-?flQ 

Using procedures similar to those described hereinabove, the following 
compounds of formula I wherein Q 2 is 3,4-dichlorophenyl, Q 3 is hydrogen , Q 4 is 2- 
fluorobenzylamino, and Q 1 is as defined can be prepared. 

Example 280. Q l =4-(2-Oxoperfiydropyrimidin-l -yl)piperidino. 

Example 281 Q 1 =4-(2-Methylsulfinylphenyl)piperidino. 

Example 282, Q 1= 4-Carbamoyl-4-(piperidino)piperidino. 
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Example 283. Q 1 =4-Hydroxy-4-pheny Ipiperidino. 
Example 284 Q 1 =4-(2-Oxo-2.3 -dihydrobenzimidazol- 1 -y 1 )piperidino. 
Example 28,?. Q 1 =4-Carbamoy I-4-(N,N-dimethylamino)piperidino. 
Example 286. Q 1 =4- Acetamido-4-pheny Ipiperidino. 

Example 287, QM-^S^J^-methylsulfmylpheny^piperidino (see example 66 
for preparation of starting material). 

Example 288, Q 1 ^-(Methylaminocarbonyl>4-(2-oxopiperidino)piperidino. 

Example 289. Q 1= ^-(2-Oxopiperidino)piperidino. 

Examples 290-2QQ 

Using procedures similar to those described hereinabove, the following 
compounds of formula I wherein Q 2 is 3,4-dichlorophenyl, Q3 is hydrogen , Q 4 is 4-acetyl-4- 
phenylpiperidino. and Q 1 is as defined can be prepared. 

Example 290, Q 1 =4-(2-Oxoperhydropyrimidin- 1 -y l)piperidino. 

Example 291, QM-(2-Memylsulfinylphenyl)piperidino. 

Example 292, Q 1== 4-Carbamoyl-4-(piperidino)piperidino. 

Example 2Q3, Q^-Hydroxy^-phenylpiperidino. 

Example 294, Q 1 ^-(2-Oxo-2,3-dmydrobenzimidazol- 1 -y 1 )piperidino. 

Example 295, Q 1 ^-CarbamoyM-(N,N.dimethylamino)piperidino. 

Example 2Q6 Ql =4- Acetamido-4-pheny Ipiperidino. 

Example 297, Q 1 =4-[(S*)-2-methylsulfinylphenyl]piperidino (see example 66 
for preparation of starting material). 



Example 298. Q 1 =4-(Methyiaminocarbony l)-4-(2-oxopiperidino)piperidino. 
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Example 299. Q , =4-(2-Oxopiperidino)piperidino. 

Examples lOA^ftp 

Using procedures similar to those described hereinabove, the following 
compounds of formula I wherein Q 2 is 3.4-dichlorophenyl, Q 3 is hydrogen , Q 4 is 2-indanyl, 
and Q 1 is as defined can be prepared. 

Example 3QQ, Q 1 =^-(2-Oxoperhydropyrimidin- 1 -yl)piperidino. 

Example 3Q1. Q 1 =4-(2-Methylsulfinylpheny l)piperidino. 

Example 302, Q 1 ^-Carbamoy M-(piperidino)piperidino. 

Example 10T Q^-Hydroxy^-phenylpiperidino. 

Example 304, Q 1 =4-(2-Oxo-2.3-dihydrobenzimidazol-l -y 1 )piperidino. 

Example 305, Q l =4-CarbamoyM-(N,N-dimethylamino)piperidino. 

Example 306, Q^-Acetamido^-phenylpiperidino. 

Example 307. Q l =4-[(S*>2-methylsulfinylphenyl3piperidino (see example 66 
for preparation of starting material). 

Example 308. Q 1 =4-(Methylaminocarbony l>4^2-oxopiperidino)piperidino. 

Example 309 Q l =4-(2-Oxopiperidino)piperidino. 

Examnle* 310-31Q 

Using procedures similar to those described hereinabove, the following 
compounds of formula I wherein Q 2 is 3,4-dichlorophenyl, is hydrogen , Q 4 is 3,4- 
dichloro-2-methoxybenzyl, and Q 1 is as defined can be prepared. 

Example 310. Q^KS-Oxoperhydropyrimidin-l-yOpiperidino. 
Example 311, Q 1= 4-(2-Methylsul£inylphenyl)piperidino. 
Example 312. Q 1 =4-Carbamoyl-4-(piperidino)piperidino. 
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Example 313, Q l ^-Hydroxy-4-phenylpiperidino. 
Example 314. Q 1 =4-(2-Oxo-2.3-dihydrobenzimidazol - 1 -y 1 )piperidino. 
Example 315. Q 1= 4-Carbamoyl-4.(N,N-dimethylamino)piperidino. 
Example 316. Q^-Acetamido^-phenylpiperidino. 

Example 3 17. Q ,= 4-[(S*)-2-methylsulfinylphenyl]piperidino (see example 66 
for preparation of starting material). 

Example 318. Q 1 =4-(Methylaminocarbony 1 )-4-(2-oxopiperidino)piperidino. 
Example 319. Q 1== 4-(2-Oxopiperidino)piperidino. 
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What is claimed is: 

1- A compound of formula I: 
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wherein Q 1 is a radical selected from the group of radicals of formulae la. Ib. Ic, 
Id. Ie. If. Ig. Ih. Ij . Ik , Im. In, Ip, Iq, Ir, Iu. Iv, Iw and Ix: 



R ab R ac 

X 




la 



N 




lb 
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Iw 



H yO 

N Y 




Ix 



wherein 

for a radical of formula la, 2 a is nitrogen or a group CRad in which Rad is 
hydrogen or R*d together with R« and the existing carbon to carbon bond forms a double 
bond; R« is Ar or Het; Rab is hydrogen and Rac \ % hydrogen or hydroxy or Rac together with 
R ad and the existing carbon to carbon bond forms a double bond, or Rac and R ad together 
form a diradical -(CH 2 )j- in which j is an integer from 1 to 5; or Rab and Rac together form a 
diradical -(CH^- in which k is an integer from 2 to 6, or Rab and Rac together are oxo or 
dialkylammoalkyloxyimino of formula =N-0-(CH2) q -NRae R af m which q is ^ integer 2 m 

3 and Rac and Raf are independently hydrogen or (l-4C)alkyl, or the radical NRaeRaf is 
pyrrolidino, piperidino or morpholino; 

for a radical of formula lb, Z b is a substituted imino group R ba N or RbaCH^N in 
which R*» i s (3-7C)cycloakyl, Ar, Het, Ar(carbonyl), Het(carbonyl), CH 2 NRbeRbf 
C(=0)NRbc R bf CH 2 C(=0)NRbeRbf ; or Z b is a disubstituted methylene group 
R bb (CH 2 ) p -C-Rbc in which R bb is Ar or Het; p is the integer 0 or 1; and R»* is hydrogen, 
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hydroxy, (l-4C)alkoxy, (l-4C)alkanoyloxy, COOR bd (wherein R bd j s hydrogen or 
(l-3C)alkyl), cyano. CH 2 NRbeRbf C(=0)NRbcRbf NRbeRbf or SR bg in which R bc md R bf 

are independently hydrogen, (l-4C)alkyl, ( 1 -4C)hydroxyalky 1 or (l-4C)alkanoyL or the 
radical NR be R bf is pyrrolidine, piperidino or morpholino; and R b S is hydrogen or 
(l-4C)alkyl: or R bc forms a double bond with the carbon atom to which it is bonded and with 
the adjacent carbon atom in the piperidine ring; or Z b is a disubstituted methylene group 
RbhcRbi which forms a spirocyclic ring wherein R bh is phenyl which is joined by an 
ortho-substituent diradical X b to R bi in which the phenyl R bh may bear a further substituent 
selected from halo, (l-3C)alkyl, (l-3C)alkoxy, hydroxy, (l-3C)alkylthio, (l-3C)alkylsulfinyl 
and (l-3C)alkylsulfonyl; the diradical X b is methylene, carbonyl or sulfonyl; and R bi is oxy 
or imino of formula -NR b J- in which R b J is hydrogen or (l-3C)alkyl; 

for a radical of formula Ic, R ca is Ar or Het; and Z c is oxo, thio, sulfinyl, 
sulfonyl or imino of formula -NR cb - in which R cb is (l-3C)alkyl or R cc R cd N-(CH 2 ) q - in 
which q is the integer 2 or 3 and in which R cc and R cd are independently hydrogen or 
(l-3C)alkyl or the radical R cc R cd N is pyrrolidino, piperidino or morpholino; 

for a radical of formula Id, R da is 1, 2 or 3; 

for a radical of formula Ie, J c is oxygen, sulfiir or NR^ in which R ca is hydrogen 
or (l-3C)alkyl; R cb is hydrogen, (l-6C)alkyl which may bear a hydroxy substituent and/or 
one to three fluoro substituents, (3-6C)alkenyl (in which a vinyl carbon is not bound to 
nitrogen), 2-hydroxyethyl, (3-7C)cyloalkyl, Ar or Het; R cc is hydrogen, (l-6C)alkyl which 
may bear a hydroxy substituent and/or one to three fluoro substituents, (3-6C)cycloalkyl, 
(l-SC)alkoxy (only when J c is oxygen), (3-6C)cycloalkoxy (only when J e is oxygen), or an 
amino group of formula NR^R^ containing zero to seven carbon atoms in which each of R^ 
and R ec is independently hydrogen, (l-SC)alkyl or (3-6C)cycloalkyl, or the radical NR cd R ec 
is pyrrolidino, piperidino, morpholino, thiomorpholino (or its S-oxide) or piperazinyl (which 
piperazinyl group may bear a (l-3C)alkyl substituent at the 4-position); 

for a radical of formula If, J f is oxygen, sulfur or NR fa in which R fe is hydrogen 
or (l-3C)alkyl; L f is a divalent hydrocarbon group in which the 1 -position is bound to the 
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carbon bearing the group J f , the divalent group L f being selected from trimethylene, 
cis-propenylene. tetramethylene. cis-butenylene, cis-but-3-enylene. cis.cis-butadienylene. 
pentamethylene and cis-pentenylene which divalent group L f itself may bear one or two 
methyl substituents; 

for a radical of formula Ig, Zg is (1 -8C)alkyl or (3-8C)cycloalkyi which may bear one 
or more substituents selected from the group consisting of halo, (3-6C)cycloaIkyl, cyano, 
nitro. hydroxy, (l-4C)alkoxy, (l-5C)alkanoyloxy, aroyl. heteroaroyl, oxo. imino (which may 
bear a (l-6C)alkyl, (3-6C)cycloalkyl, (l-5C)alkanoyl or aroyl substituent), hydroxyimino 
(which hydroxyimino may bear a ( l-4C)alkyl or a phenyl substituent on the oxygen), an 
amino group of formula NRgaRgb an amino group of formula NRg'Rgd, an amidino group of 
formula C(=NRgg)NRgeRgf. and a carbamoyl group of formula CON(ORgh)Rgi, but 
excluding any radical wherein a hydroxy and an oxo substituent together form a carboxy 
group, wherein an amino group of formula NRgaRgb contains zero to seven carbon atoms and 
each of Rga and Rg*> is independently hydrogen, (l-5C)alkyl or (3-6C)cycloalkyl, or the 
radical NRgaRgb is pyrrolidine piperidino, morpholino. thiomorpholino (or its S-oxide) or 
piperazinyl (which piperazinyl may bear a (l-3C)alkyl substituent group at the 4-position); 
and wherein Rgc is hydrogen or (l-3C)alkyl and Rgd is (l-5C)alkanoyl, aroyl or heteroaroyl; 
or Rgd is a group of formula C(=Jg)NRg*Rgf in which Jg is oxygen, sulfur, NRgg or CHRfii; 
and wherein the amino group NRg'Rgf contains zero to seven carbon atoms and each of Rge 
and Rgf is independently hydrogen, (l-5C)alkyl or (3-6C)cycloalkyl, or the radical NRgeRgf 
is pynolidino, piperidino, morpholino, thiomorpholino (or its S-oxide) or piperazinyl (which 
piperazinyl may bear a (l-3C)alkyl substituent at the 4-posiuon) or Rge is hydrogen or 
(l-4C)alkyl and Rgf together with Rgg forms an ethylene or trimethylene group; Rgg is 
hydrogen, (l-4C)alkyl or together with Rgf forms an ethylene or trimethylene group; RgJ is 
cyano, nitro or S0 2 Rg* and Rg* is (l-4C)alkyl or phenyl; Rgh and Rgi are independently 
(l-3C)alkyl; and in which a cyclic group which is a substituent on Zg or formed by 
substitution on Zg may bear one or more (l-3C)alkyl groups on carbon as further substituents; 
and in which any aryl or heteroaryl group which is a part of the group Zg may bear one or 
more halo, (l-4C)alkyl, (l-4C)alkoxy, cyano, trifluoromethyl or nitro substituents; 
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for a radical of formula Ih, G h denotes a single bond, a double bond or a divalent 
hydrocarbon radical: J h denotes a radical joined to the ring by a single bond if G h denotes a 
double bond or. otherwise, a radical joined by a double bond; M h denotes a heteroatom. a 
substituted heteroatom, or a single bond: and L h denotes a hydrocarbon radical in which the 
1 -position is attached to M h ; wherein the values of G h , J h , M h and L h are selected from 

(a) G h is a single bond: J h is oxo or thioxo; M h is oxy, thio or NR ha : and L h is 

I>; 

(b) G h is a single bond; J h is NR hb ; M h is NR ha ; and L h is L ha ; 

(c) G h is a double bond. J h is OR ha , SR ha or NR hc R hd : M h is nitrogen: and L h is 

L ha : 

(d) G h is methylene which may bear one or two methyl substituents: J h is oxo. 
thioxo or NR he ; M h is oxy. thio. sulfinyh sulfonyl or NR ha ; and L h is L hb ; 

(e) G h is a single bond; J h is oxo, thioxo or NR he ; M h is nitrogen: and L h is L hc ; 

(0 G h is methine, which may bear a ( I-3C)alkyl substituent; J h is oxo. thioxo or 
NR he ; M h is nitrogen; and L h is L hd ; 

(g) G h is cis-vinylene, which may bear one or two methyl substituents; J h is 
oxo. thioxo. or NR he ; M h is nitrogen: and L h is L he ; and 

(h) G h is a single bond; J h is oxo or thioxo; M h is a single bond; and L h is L hf ; 

wherein 

R ha is hydrogen or ( 1 -3C)alky 1; R hb is hydrogen, ( 1 -3C)alkyl, cyano, 
(l-3C)alkylsulfonyl or nitro; R hc and R hd are independently hydrogen or (l-3C)alkyl or the 
radical NR hc R hd is pyrrolidino, piperidino. morpholino, thiomorpholino (or its S-oxide) or 
piperazinyl (which piperazinyl may bear a (l-3C)alkyl substituent at the 4-position); R hc is 
hydrogen or (l-3C)alkyl; L ha is ethylene, cis-vinylene, trimethylene or tetramethylene which 
radical L ha itself may bear one or two methyl substituents; L hb is ethylene or trimethylene 
which radical L hb itself may bear one or two methyl substituents; L hc is 
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prop-2-en-1-yliden-3-yl, which radical L hc itself may bear one or two methyl substituents; 
L bd is cis-vinylene, which radical L hd itself may bear one or two methyl substituents; L he is 
methine. which radical L he itself may bear a ( l-3C)alkyl substituent: and L hf is 
4-oxabutan- 1 .4-diyl; 

for a radical of formula Ij, X) is (l-6C)alkyl, -CH 2 ORi a . -CH 2 SR> a , 
-CH 2 S(0)Rl8. -CH 2 S(0)2Rjg. -CORi a , -COOR) a -C(=U a )NRjbRK -C(Rj a )(OR)<l)(ORje), 
-CH 2 NfRja)C(=JJa)Rjf, -CH 2 N(Rj a )COORi8 or -CH 2 N(Ri a )C(=Ji a )NRibRic; 

Bi is a direct bond and Li is a hydrocarbon chain in which the 1 -position is 
bound to Bi and L) is selected from trimethylene, tetramethylene, cis-l-butenylene and 
cis.cis-butadienylene; or Bi is N(RJ h ) and U is a hydrocarbon chain selected from ethylene, 
trimethylene and cis-vinylene: or Bi is N and U is a hydrocarbon chain in which the 
1 -position is bound to Bi and U is cis.cis-prop-2-en-l-ylidin-3-yl; Jj and Ji a are independently 
oxygen or sulfur; Ri a , Rjf and R)h are independently hydrogen or (l-6C)alkyl; R)b and Rjc are 
independently hydrogen or (l-6C)alkyl; or the radical NRibRjc j s pyrrolidino, piperidino, 
morpholino, thiomorpholino (or its S-oxide) or piperaziny! (which piperazinyl may bear a 
(l-3C)alkyl substituent at the 4-position); Ri<» and Rje are independently (l-3C)alkyl or 
together form a divalent hydrocarbon chain selected from ethylene and trimethylene; RJ8 is 
(l-6C)alkyl; wherein any (l-6C)alkyl radical in a portion of Xi may substituted by one or two 
substituents selected from hydroxy, (l-3C)alkoxy, (l-3C)acyloxy, (l-3C)alkoxycarbonyl , 
NRihRii, and C(=0)NR)hRii, wherein Ri h and Rii are independently hydrogen, (l-4C)alkyl, 
( 1 -4C)hydroxyalkyl or (1 -4C)alkanoyl, or the group NRjhRU i s pyrrolidino, piperidino or 
morpholino; 

for a radical of formula Ik, Z k is a nitrogen linked radical of formula II: 
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wherein E 1 , E 2 . E 3 and E 4 form a divalent four membered chain (-E 1 =E 2 -E 3 =E 4 -) in which 
each of E 1 . E 2 . E 3 and E 4 is methine; or in which one or two of E 1 , E 2 , E 3 and E 4 is nitrogen 
and the remaining E 1 . E 2 , E 3 and E 4 are methine; and further wherein one or more of E 1 , E 2 , 
E 3 and E 4 which is methine may bear a halo. (l-3C)alkyh hydroxy, (l-3C)alkoxy ? 
(l-3C)alkylthio, (l-3C)alkylsulfmyl or (l-3C)alkylsulfonyl substituent; and wherein the 
radicals F k , GK and I k (X k ) are selected from 

(a) G k is a direct bond, I k (X k ) is a radical having the formula =C(Z k )- and F k is 
a radical selected from -CH= and -N=; 

(b) G k is a direct bond, I k (X k ) is a radical having the formula -C(=J k )- and F k is 
a radical selected from -N(R kf )-, -CH 2 -CH 2 -, -CH=CH-, -CH 2 -N(R k *)- and -CH=N-; 

(c) G k is a radical having the formula -CH 2 -, I k (X k ) is a radical having formula 
-C(=J k )- and F k is selected from -CH 2 - and -N(R kf )-; and 

(d) G k is selected from -CH 2 -, -CH 2 -CH 2 -, -CH=CH- and -N=CH-, I*(X k ) is a 
radical having the formula -C(=J k )- and F k is a direct bond; wherein 

J k is oxygen or sulfur; Z k is -OR*« -SRK -COR ka , -COOR ka , -CC-J^NR"^ or 
-C(R ka )(OR k <i)(OR ke ); J ka is oxygen or sulfur; R ka and are independently hydrogen or 
(l-6C)alkyl; R kb and R kc are independently hydrogen or (l-6C)alkyl; or the radical NR k *>R k c 
is pyrrolidino, piperidino, morpholino, thiomorpholino (or its S-oxide) or piperazinyl (which 
piperazinyl may bear a (l-3C)alkyl substituent at the 4-position); R kd and R ke are 
independently (l-3C)alkyl or R kd and R kc together form ethylene or trimethylene; or Z k is an 
imido radical selected from phthalimido, succinimido, maleimido, glutarimido, and 3-oxa-, 
3-thia- and 3-azaglutarimido, in which the imido radical may bear one or more (l-3C)alkyl 
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substituems and. in addition, the aromatic portion of the phthalimido may bear one or more 
halo, hydroxy or (l-3C)alkoxy substituems: 

for a radical of formula Im. R ma and R mb are Ar or Het and R mc is selected from 
hydroxy, (lOC)alkoxy, and (l-3C)acyloxy; or R™» is (Ar)oxy, or (Het)oxy. and Rmb and 
Rmc are hydrogen; 

for a radical of formula In. X" is selected from hydrogen, hydroxy, (l-3C)alkoxy and 
(l-SC)acyloxy; 

for a radical of formula Ip. Rpa and Rpb are independently selected from hydrogen, 
hydroxy, (l-3C)alkoxy, (l-3C)acyloxy, halo, cyano, and trifluoromethyl; 

for a radical of formula Iq, Rqa. R qd are are independently selected from hydrogen, 
hydroxy. (l-3C)alkoxy, (l-3C)acyloxy, halo, cyano. and trifluoromethyl; 

for a radical of formula Iu. Ju is oxygen or sulfur; and R««-R"d are independently 
selected from hydrogen, (l-4C)alkyl, (l-4C)hydroxyalkyl and (l-4C)alkanoyl, or the group 
NRuaRub or me group NR uc R ud is pyrrolidino, piperidino or morpholino; 

for a radical of formula Iw, w is 1 , 2. or 3; and wherein 

for a radical Q ' , Ar is a phenyl radical or an ortho-fused bicyclic carbocyclic 
radical of nine of ten ring atoms in which at least one ring is aromatic, which radical Ar may 
be unsubstituted or may bear one or more substituems selected from halo, cyano, 
trifluoromethyl, (l-4C)alkyI, (l-4C)alkoxy, methylenedioxy, hydroxy, mercapto, -SCO^R™, 
(l-5C)alkanoyl, (l-5C)alkanoyloxy, nitro, NRtbRxc, NRxd R xe ? C(=NR xr )NR x 8Rxh, 
CONR"bRxc ^ C OOR*j wherein n is the integer 0, 1, or 2; Rxa is (l.6C)alkyl, 
(3-6C)cycloaIkyl or phenyl (which phenyl may bear a halo, trifluoromethyl, (l-3C)alkyl or 
(l-3C)alkoxy substitutent); the radical NR xb Rxc contains m to scven carbons ^ ^ Qf 
R>* and Rxc is independently hydrogen, (l-5C)aIkyl or (3-6C)cycloalkyl, or the radical 
NRxbRxc ^ pyrrolidino, piperidino, morpholino, thiomorpholine (or its S-oxide) or 
piperazinyl (which piperazinyl may bear a (l-3C)alkyl substituent at the 4-position); and 
wherein R*<* is hydrogen or ( 1 -4C)alkyl and Rxe i s (1 -5C)alkanoyl, benzoyl; or a group of 
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formula C(=J x )NR*gR xh in which S* is oxygen, sulfur. NR xf or CHR xi ; R x ^ is hydrogen. 
(l-SC)alkyl or together with R x 5 forms an ethylene or trimethylene diradical, the radical 
NR x 8R xh contains zero to 7 carbons and each of R X S amd R^ is independently hydrogen. 
(l-5C)alkyl or (3-6C)cycloalkyl ? or the radical NRxgR 3 ^ is pyrrolidino, piperidino. 
morpholino. thiomorpholino (or its S-oxide) or piperazinyl (which piperazinyl may bear a 
( 1 -3C)alkyl substituent at the 4-positionj; or R X S together with R xf forms an ethylene or 
trimethylene diradical and R xh is hydrogen or (l-SC)alkyl; R xi is cyano. nitro, 
(l-5C)alkylsulfonyl or phenylsulfonyl; and R x i is hydrogen, (l-5C)alkyl or benzyl: and Het is 
a radical (or stable N-oxide thereof) attached via a ring carbon of a monocyclic aromatic ring 
containing five or six ring atoms consisting of carbon and one to four heteroatoms selected 
from oxygen, sulfur and nitrogen, or an ortho-fused bicyclic heterocycle derived therefrom by 
fusing a propenylene, trimethylene. tetramethylene or benz-diradical. which radical Het may 
be unsubstituted or may be substituted on carbon by one or more of the substituents defined 
above for Ar and may be substituted on nitrogen by (l-3C)alkyl; 

Q 2 is phenyl which may bear one or two substituents independently selected 
from halo, trifluoromethyl, hydroxy, (MOalkoxy, (l-3C)alkyl and methylenedioxy; or Q 2 is 
thienyl, imidazolyl. benzo[b]thiophenyl ornaphthyl any of which may bear a halo 
substituent; or Q 2 is biphenylyl; or Q 2 is carbon-linked indolyl which may bear a benzyl 
substituent at the 1 -position; 

Q 3 is hydrogen, or (l-4C)alkyl; and 
Q 4 is -OR 2 or -NR3R4; wherein 

R 2 is hydrogen, (l-6C)alkyl, (3-7C)cycloalkyl, aryl(l-3C)alkyl or 
heteroaryl(l-3C)alkyl, wherein an aryl or heteroaryl group may bear one, two or three 
substituents independently selected from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, 
(l-3C)alkyl, cyano, -S(=0) 2 NR 5 R 6 , -NR 7 R 8 , CC^NR^R^^ md me thylenedioxy ? and 
further wherein any arylethyl, arylpropyl, heteroarylethyl or heteroarylpropyl group may 
optionally be substituted at the position a to the aryl or heteroaryl group by a group selected 
from oxo, and =NOR 1 1 ; 
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R 3 and R 4 are independently selected from hydrogen, (l-8C)alkyl, norbornyl, 
adamantyL quinuclidinyl, (l-6C)alkoxy, (3-7C)cycloalkyl, pyrrolidinyl, tetrahydrofiiranyl, 
piperidyK 1 -benzylpiperidyh 4.5-dihydrothiazolyl, 3,4.5.6-tetrahydrophenyl, fluorenyl, 5- 
oxo-4.5-dihydropyrazoI-3-yl, aryL heteroaryl, arylsulfmyl, arylsulfonyl, heteroarylsulfinyl, 
heteroarylsulfonyl, l-phenyl-4 ? 5-dihydropyrazol-3-yl, 1 -benzylpyrrolidin-3-y 1, and a radical 
of formula VII; wherein (l-8C)alkyl may be substituted by one, two, or three substituents 
selected from, hydroxy, oxo, ^NOR 1 K amino, pyrrolidinyl, 1-methylpyrrolidinyl, 
piperidinyl, (l-3C)alkoxy, (l-4C)alkanoyl, (I-3C)alkoxycarbonyl, (3-7C)cycloalkyl, 
adamantyL norbornyl, quinuclidinyl, tetrahydrofiiranyl. 4,5-dihydrothiazolyl, 3,4,5,6- 
tetrahydrophenyh fluorenyl, 5-oxo-4.5-dihydropyrazol-3-yl, aryl and heteroaryl; and further 
wherein any aryl or heteroaryl group, or radical of formula VII may bear one two or three 
substituents independently selected from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, 
(l-3C)alkyl, cyano. (l^C)alkanoyl, C(=0)OR5, -S(=0) 2 NR5R6, -S(=0)NR5r6, -NR 7 R*, 

C(=O)NR 9 Rl0, and methylcnedioxy; provided that R 3 and R 4 are not both selected from (1 - 
6C)alkoxy; or 

-NR 3 R 4 taken together represents a cyclic amino radical selected from 
piperazinyl, pyrrolidinyl, piperidino, ia,3.6-tetrahydropyridyl, 1,2,3,4-tetrahydroquinolyl, 
and 1,2,3,4-tetrahydroisoquinolyl, which cyclic amino radical may bear one or two 
substituents independently selected from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, (1- 
4C)alkanoyl, (l-3C)alkyl, cyano, -S(=0) 2 NR5R6 f -NR 7 R&, C(=O)NR9Ri0, 
CH 2 N(R 7 )C(=0)R 8 , pyrrolidinyl, 2-(thioxo)pyrrolidinyl, piperidinyl, pyridyl, 
morpholinocarbonyl, piperidinocarbonyl, 2-oxo-benzimidazolidin- 1 -y 1, phenyl, ben2yl, 
acetamidomethyl, and methylenedioxy; wherein any phenyl or phenyl portion of benzyl may 
optionally bear one, two or three substituents independently selected from halo, 
trifluoromethyl, hydroxy, (l-3C)alkoxy, (l-3C)alkyl, or cyano; or 

-NR 3 R 4 taken together represents an amino radical selected from radicals of 
formulae VIII, EX, and X. 

E is selected from -O-, -S-, -N(R 14 )-, -S(=0)- and -SCO^-; 
m is 1 or 2; and 
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RS-R 1 1 are independently selected from hydrogen and (l-3C)alkyl 
or the N-oxide of the nitrogen in Q 1 indicated by A in formulae la-Iv (or of 
either basic piperazinyl nitrogen of Q 1 when Z a is nitrogen); 

or a pharmaceutical^ acceptable salt thereof; 

or a quaternary ammonium salt thereof in which the nitrogen in Q 1 indicated by 
A in formulae Ia-Ix (or either basic piperazinyl nitrogen of Q 1 when Z a is nitrogen) is a 
quadricovalent ammonium nitrogen wherein the fourth radical on the nitrogen R 1 is 
(l-4C)alkyl or benzyl and the associated counterion A is a pharmaceutical ly acceptable anion. 

2. A compound as claimed in claim 1 wherein Q' is a radical selected from the 

group of radicals of formulae la, lb, Ic. Id. Ie. If, Ig, Ih. Ij and Ik wherein: 

for a radical of formula la, Z a is nitrogen or a group CR a< * in which R* 1 is 
hydrogen or R** together with R ac and the existing carbon to carbon bond forms a double 
bond; R 33 is Ar or Het; R ab is hydrogen and R a c is hydrogen or hydroxy or R ac together with 
R^ and the existing carbon to carbon bond forms a double bond, or R ac and R** together 
form a diradical -(CH 2 )j- in which j is an integer from 1 to 5; or R ab and R ac together form a 
diradical -(CH 2 ) k - in which k is an integer from 2 to 6, or R ab and R ac together are oxo or 
dialkylaminoalkyloxyimino of formula =N-0-(CH 2 ) q -NR a eRaf j n which q is the integer 2 or 

3 and R ae and R af are independently hydrogen or (l-4C)alkyl, or the radical NR a *R a f is 
pyrrolidino, piperidino or moipholino; 

for a radical of formula lb, Z b is a substituted imino group R ba N or R ba CH 2 N in 
which R ba is (3-7C)cycloakyl, Ar or Het; or Z b is a disubstituted methylene group 
R bb (CH 2 ) p -C-R b c in which R bb is Ar or Het; p is the integer 0 or 1 ; and R** is hydrogen, 
hydroxy, (l-4C)alkoxy, (l-4C)alkanoyloxy, COOR b <* (wherein RW i s hydrogen or 
(l-3C)alkyl), cyano, NR b *R b f or SR b 8 in which R** and R 1 * are independently hydrogen, 
( 1 -4C)alkyl, ( 1 -4C)hydroxy alky 1 or ( 1 -4C)alkanoy 1, or the radical NR b *R b f is pyrrolidino, 
piperidino or morpholino; and R b 8 is hydrogen or (l-4C)alkyl; or R** forms a double bond 
with the carbon atom to which it is bonded and with the adjacent carbon atom in the 
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piperidine ring; or Z b is a disubstituted methylene group RbhcRbi which forms a spirocyclic 
ring wherein R bh is phenyl which is joined by an ortho-substituent diradical X b to R bi in 
which the phenyl R bh may bear a further substituent selected from halo, (l-3C)alkyl, 
(l-3C)alkoxy, hydroxy, (l-3C)alkylthio, ( I -3C)alkylsulfinyl and (l-3C)alkylsulfonyl; the 
diradical X b is methylene, carbonyl or sulfonyl; and R*» is oxy or imino of formula -NR b J- in 
which R b J is hydrogen or (l-3C)alkyl; 

for a radical of formula Ic, R ca is Ar or Het; and Z c is oxo, thio, sulfinyl, 
sulfonyl or imino of formula -NR cb - in which R** is (l-3C)alkyl or R cc R cd N-(CH 2 ) q - in 
which q is the integer 2 or 3 and in which R<* and R<* are independently hydrogen or 
(l-3C)alkyl or the radical R cc R cd N is pyrrolidino. piperidino or morpholino; 

for a radical of formula Id, R d » is 1. 2 or 3; 

for a radical of formula Ie, J* is oxygen, sulfur or NR«» in which R« is hydrogen 
or (l-3C)alkyl; R* b is hydrogen, (l-6C)alkyl which may bear a hydroxy substituent and/or 
one to three fluoro substituents, (3-6C)alkenyl (in which a vinyl carbon is not bound to 
nitrogen), 2-hydroxyethyl, (3-7C)cyloalkyl, Ar or Het; R~ is hydrogen, (l-6C)alkyl which 
may bear a hydroxy substituent and/or one to three fluoro substituents, (3-6C)cycloalkyl, 
(l-5C)alkoxy (only when J* is oxygen), (3-6C)cycloalkoxy (only when J* is oxygen), or an 
amino group of formula NR«» R ee containing zero to seven carbon atoms in which each of R«l 
and R« i s independently hydrogen, (l-5C)alkyl or (3-6C)cycloalkyl, or the radical NR«*Ree 
is pyrrolidino, piperidino, morpholino, thiomorpholino (or its S-oxide) or piperazinyl (which 
piperazinyl group may bear a (l-3C)alkyl substituent at the 4-position); 

for a radical of formula If, Jf is oxygen, sulfur or NRfe in which R* is hydrogen 
or (l-3C)alkyl; L* is a divalent hydrocarbon group in which the 1-position is bound to the 
carbon bearing the group J f , the divalent group 1/ being selected from trimethylene, 
cis-propenylene, tetramethylene, cis-butenylene, cis-but-3-enylene, cis,cis-butadienylene, 
pentamethylene and cis-pentenylene which divalent group V itself may bear one or two 
methyl substituents; 

for a radical of formula Ig, Z8 is (l-8C)alkyl or (3-8C)cycloalkyl which may bear one 
or more substituents selected from the group consisting of halo, (3-6C)cycloalkyl, cyano, 
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nitro. hydroxy, (l-4C)alkoxy, (l-5C)alkanoyloxy, aroyl, heteroaroyl, ox<x imino (which may 
bear a (l-6C)alkyl, (3-6C)cycloalkyl, (l-5C)alkanoyl or aroyl substituent), hydroxyimino 
(which hydroxyimino may bear a (l-4C)alkyl or a phenyl substituent on the oxygen), an 
amino group of formula NRg a Rg b , an amino group of formula NRe c R8 d . an amidino group of 
formula C(=NRgS)NRS c RS f , and a carbamoyl group of formula CON(ORg h )Rg>, but 
excluding any radical wherein a hydroxy and an oxo substituent together form a carboxy 
group, wherein an amino group of formula NRfi a R8 b contains zero to seven carbon atoms and 
each of R8 a and Ri b is independently hydrogen, (l-5C)alkyl or (3-6C)cycloalkyL or the 
radical NR8 a R8 b is pyrrolidine, piperidino. morpholino, thiomorpholino (or its S-oxide) or 
piperazinyl (which piperazinyl may bear a (l-3C)alkyl substituent group at the 4-position); 
and wherein R8 C is hydrogen or (l-3C)alkyl and Rg d is (l-5C)aIkanoyl. aroyl or heteroaroyl; 
or RS d is a group of formula C(=JS)NRS c Rg f in which Jg is oxygen, sulfur, NRgg or CHRSi; 
and wherein the amino group NRg e Rg f contains zero to seven carbon atoms and each of Rg e 
and Rg f is independently hydrogen, (l-5C)alkyl or (3-6C)cycloalkyl, or the radical NRg c Rg f 
is pyrrolidino, piperidino, morpholino, thiomorpholino (or its S-oxide) or piperazinyl (which 
piperazinyl may bear a (l-3C)alkyl substituent at the 4-position) or Rg c is hydrogen or 
(l-4C)alkyl and Rg f together with Rgg forms an ethylene or trimethylene group; Rgg is 
hydrogen, (l-4C)alkyl or together with Rg f forms an ethylene or trimethylene group; R&i is 
cyano. nitro or S0 2 Rg k and Rg k is (l-4C)alkyl or phenyl; Rg h and Rgi are independently 
(l-3C)alkyl; and in which a cyclic group which is a substituent on Zg or formed by 
substitution on Zg may bear one or more (l-3C)alkyl groups on carbon as further substituents; 
and in which any ary 1 or heteroaryl group which is a part of the group Zg may bear one or 
more halo, (l-4C)alkyl, (l-4C)alkoxy, cyano, trifluoromethyl or nitro substituents; 

for a radical of formula Ih, G h denotes a single bond, a double bond or a divalent 
hydrocarbon radical; J h denotes a radical joined to the ring by a single bond if G h denotes a 
double bond or, otherwise, a radical joined by a double bond; M h denotes a heteroatom, a 
substituted heteroatom, or a single bond; and L h denotes a hydrocarbon radical in which the 
1 -position is attached to M h ; wherein the values of G h , J h , M h and L h are selected from 
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(a) G h is a single bond; J h is oxo or thioxo: M h is oxy, thio or NRha ; and L h is 

I>; 

(b) G h is a single bond; J h is NR hb ; M h is NR ha ; and L h is L ha ; 

(c) Gh is a double bond, Jh is ORha, SRha or NRhcRhd. M h is nitrogen; and Lh is 

L ha ; 

(d) G h is methylene which may bear one or two methyl substituents; J h is oxo, 
thioxo or NRhe ; M h is oxy, thio, sulfinyl, sulfonyl or NR h * : and L h is Lhb; 

(e) Gh is a single bond; Jh is oxo, thioxo or NRhe ; M h is nitrogen; and Lh is L h c ; 

(f) G h is methine, which may bear a ( l-3C)a!kyl substituent; Jh is oxo. thioxo or 
NRhe. ^jh i s nitrogen: and L h is L hd ; 

(g) G h is cis-vinylene, which may bear one or two methyl substituents; J h is 
oxo. thioxo. or NRhe ; ^jh i s nitrogen; and L h is L h e ; and 

(h) G h is a single bond; J h is oxo or thioxo; M h is a single bond; and L h is L h f; 

wherein 

Rha is hydrogen or (l-3C)alkyl; Rhb i s hydrogen, (l-3C)alkyl, cyano, 
(l-3C)alkylsulfonyl or nitro; Rhc and Rhd are independently hydrogen or (l-3C)alkyl or the 
radical NRhcRhd 1S pyrrolidino, piperidino, morpholino, thiomorpholino (or its S-oxide) or 
piperazinyl (which piperazinyl may bear a (l-3C)alkyl substituent at the 4-position); Rhc i s 
hydrogen or (l-3C)alkyl; L h * is ethylene, cis-vinylene, trimethylene or tetramethylene which 
radical L h a itself may bear one or two methyl substituents; L h b i s ethylene or trimethylene 
which radical Lhb itself may bear one or two methyl substituents; L h c i s 
prop-2-en-l-yliden-3-yl, which radical L h c itself may bear one or two methyl substituents; 
Lhd is cis-vinylene, which radical Lhd itself may bear one or two methyl substituents; L«« i s 
methine, which radical Lhe itself may bear a (l-3C)alkyl substituent; and Lhf is 
4-oxabutan- 1 ,4-diyl; 



WO 96/24582 



- 98 - 



PCT/GB96/00259 



for a radical of formula Ij, Xi is (l-6C)alkyL -CH 2 ORi a , -CH 2 SRi a , 
-CH 2 S(0)Ri&. -CH 2 S(0) 2 Rte, -CORi a , -COORi a -C(=Jj a )NRjt>RX -C(Ri a )(ORjd)(ORi e ) ? 
.CH 2 N(Ri a )C(=JJ a )Ri^. -CH 2 N(Ri a )COORig or -CH 2 N(Ri a )C(=Ji a )NRjbRjc ; 

Bi is a direct bond and L) is a hydrocarbon chain in which the 1 -position is 
bound to Bi and LJ is selected from trimethylene. tetramethylene. cis-l-butenylene and 
cisxis-butadienylene: or BJ is N(Ri h ) and U is a hydrocarbon chain selected from ethylene, 
trimethylene and cis-vinylene; or B) is N and L) is a hydrocarbon chain in which the 
1 -position is bound to Bi and Li is cis.cis-prop-2-en-l-y!idin-3-yl; li and I3 a are independently 
oxygen or sulfur; Ri a . Ri f and Ri h are independently hydrogen or (l-6C)alkyl; RJ b and RJ C are 
independently hydrogen or (l-6C)alkyl; or the radical NRi b Rj c is pyrrolidine piperidino, 
morpholino. thiomorpholino (or its S-oxide) or piperazinyl (which piperazinyl may bear a 
(l-3C)alkyl substituent at the 4-position); RJ d and Ri e are independently (l-3C)alkyl or 
together form a divalent hydrocarbon chain selected from ethylene and trimethylene; Ris is 
(l-6C)alkyl; and 

for a radical of formula Ik, Z k is a nitrogen linked radical of formula II wherein E 1 , E 2 , E 3 
and E 4 form a divalent four membered chain (-E , =E 2 -E 3 =E 4 -) in which each of E 1 , E 2 , E 3 
and E 4 is methine; or in which one or two of E 1 , E 2 , E 3 and E 4 is nitrogen and the remaining 
Ei,E 2 , E 3 and E 4 are methine: and further wherein one or more of E ' , E 2 , E 3 and E 4 which is 
methine may bear a halo, (l-3C)alkyl, hydroxy, (l-3C)alkoxy, (l-3C)alkylthio, 
(l-3C)alkylsulfinyl or (l-3C)alkylsulfonyl substituent: and wherein the radicals F k , G k , and 
I k (X k ) are selected from 

(a) G k is a direct bond, I k (X k ) is a radical having the formula =C(Z k )- and F k is 
a radical selected from -CH= and -N=; 

(b) G k is a direct bond, I k (X k ) is a radical having the formula -C(=J k )- and F k is 
a radical selected from -N(R kf )-, -CH 2 -CH 2 -, -CH=CH-, -CH 2 -N(R kf >- and -CH=Ns 

(c) G k is a radical having the formula -CH 2 -, I k (X k ) is a radical having formula 
-C(=J k )- and F k is selected from -CH 2 - and -N(R kf )-; and 
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(d) G k is selected from -CH 2 -. -CH 2 -CH 2 -, -CH=CH- and -N=CH-, I k (X k ) is a 
radical having the formula -C(=J k )- and F k is a direct bond: wherein 

J k is oxygen or sulfur: Z k is -OR)"*, -SR ka . -COR k *. -COOR k a, -C(=J ka )NR kb R k c or 
-C(R»«)(OR k d)(OR k c); J k a is oxygen or sulfur: R ka and R k * are independently hydrogen or 
(l-6C)alkyl; R kb and R kc are independently hydrogen or (l-6C)alkyl; or the radical NR kb R k c 
is pyrrolidino. piperidino, morpholino, thiomorpholino (or its S-oxide) or piperazinyl (which 
piperazinyl may bear a (l-3C)alkyl substituent at the 4-position); R kd and R ke are 
independently (l-3C)alkyl or R k <l and R k * together form ethylene or trimethylene: or Z k is an 
imido radical selected from phthalimido, succinimido. maleimido, glutarimido, and 3-oxa-, 
3-thia- and 3-azaglutarimido. in which the imido radical may bear one or more (l-3C)alkyl 
substituems and. in addition, the aromatic portion of the pmhalimido may bear one or more 
halo, hydroxy or (l-SC)alkoxy substituems: and wherein 

for a radical Q 1 , Ar is a phenyl radical or an ortho-fused bicyclic carbocyclic 
radical of nine often ring atoms in which at least one ring is aromatic, which radical Ar may 
be unsubstituted or may bear one or more substituems selected from halo, cyano, 
trifluoromethyl, (l-4C)alkyl, (l-4C)alkoxy, methylenedioxy, hydroxy, mercapto, -S(0)„R*a, 
(l-5C)alkanoyl, (l-5C)alkanoyloxy, nitro, NRxhRxc, NRxdRxe, C(=NRxf)NRxgRxh 
CONRxbRxc and COORxj wherein n is the integer 0, 1 , or 2; Rxa is (l-6C)alkyl, 
(3-6C)cycloalkyl or phenyl (which phenyl may bear a halo, trifluoromethyl, (l-3C)alkyl or 
(l-3C)alkoxy substitment); the radical NRxhRxc contains zero to seven carbons and each of 
R* b and Rxc j s independently hydrogen, (l-5C)aikyl or (3-6C)cycloalkyl, or the radical 
NRxbRxc i s pyrrolidino, piperidino, morpholino, thiomorpholine (or its S-oxide) or 
piperazinyl (which piperazinyl may bear a (l-3C)alkyl substituent at the 4-position): and 
wherein R*<« is hydrogen or (l-4C)alkyl and Rxe i s (l-5C)alkanoyl, benzoyl: or a group of 
formula C(=Jx)NRxgRxh j n w hi c h Jx is oxygen, sulfur, NRxf or CHRxi; Rxf j s hydrogen, 
(l-5C)alkyl or together with R x g forms an ethylene or trimethylene diradical, the radical 
NRxgRxh contains zero to 7 carbons and each of Rxg amd Rxh i s independently hydrogen, 
(l-5C)alkyl or (3-6C)cycloalkyl, or the radical NRxgRxh is pyrrolidino, piperidino, 
morpholino, thiomorpholino (or its S-oxide) or piperazinyl (which piperazinyl may bear a 
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(l-3C)alkyl substituent at the 4-position); or R x fc together with R xf forms an ethylene or 
trimethylene diradical and R xh is hydrogen or (l-5C)alkyl; R x » is cyano. nitro, 
(l-5C)alkylsulfonyl or phenylsulfonyl; and R X J is hydrogen, (l-SC)alkyl or benzyl; and Het is 
a radical (or stable N-oxide thereof) attached via a ring carbon of a monocyclic aromatic ring 
containing five or six ring atoms consisting of carbon and one to four heteroatoms selected 
from oxygen, sulfur and nitrogen, or an ortho-fiised bicyclic heterocycle derived therefrom by 
fusing a propenylene, trimethylene, tetramethylene or benz-diradical. which radical Het may 
be unsubstituted or may be substituted on carbon by one or more of the substituents defined 
above for Ar and may be substituted on nitrogen by (l-3C)alkyl; 

Q 2 is phenyl which may bear one or two substituents independently selected 
from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, (l-3C)alkyl and methylenedioxy; or Q 2 is 
thienyl, imidazolyl, benzo[b]thiophenyl or naphthyl any of which may bear a halo 
substituent; or Q 2 is biphenylyl; or Q 2 is carbon-linked indolyl which may bear a benzyl 
substituent at the 1 -position; 

Q 3 is hydrogen, or (l-4C)alkyl; and 
Q 4 is -OR 2 or -NR 3 R 4 ; wherein 

R 2 is hydrogen, (l-6C)alkyl. (3-7C)cycloalkyl, aryl( 1 -3C)alky I or 
heteroaryl(l-3C)alkyl, wherein an aryl or heteroaryl group may bear one, two or three 
substituents independently selected from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, 
(l-3C)alkyl, cyano, -S(=0) 2 NR5R«, -NR 7 R*, C(=0)NR*R">, and methylenedioxy, and 
further wherein any arylethyl, arylpropyl, heteroarylethyl or heteroarylpropyl group may 
optionally be substituted at the position a to the aryl or heteroaryl group by a group selected 
from oxo, and =NOR 1 1 ; 

R 3 and R 4 are independently selected from hydrogen, (l-6C)alkyl, 
(3-7C)cycloalkyl, aryl, heteroaryl, aryl(l-3C)alkyl and heteroaryl(l-3C)alkyl, wherein any 
aryl or heteroaryl group may bear one two or three substituents independently selected from 
halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, (l-3C)alkyl, cyano, -S(=0>2NR 5 R 6 , -NR 7 R 8 , 
C(=0)NR 9 R 10 , and methylenedioxy, and further wherein any arylethyl, arylpropyl, 
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heteroarylethyl or heteroarylpropyl group may optionally be substituted at the position a to 
the aryl or heteroaryl group by a group selected from oxo, and =NOR' or 

-NR 3 R 4 taken together represents a cyclic amino radical selected from 
pyrrolidinyl, piperidino, 1,2,3.6-tetrahydropyridyl, 1.2.3,4-tetrahydroquinolyl, and 
1,2.3,4-tetrahydroisoquinolyl. which cyclic amino radical may bear one or two substituents 
independently selected from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, (l-3C)alkyl, 
cyano. -S(=0)2nR5R6, -NR7R8, C(=O)NR9r10, phenyL acetamidomethyl, and 
methylenedioxy; and 

R 5 -R> 1 are independently selected from hydrogen and (l-3C)a!kyl 
or the N-oxide of the nitrogen in Q' indicated by A in formulae la-Ik (or of 
either basic piperazinyl nitrogen of Ql when Z a is nitrogen); 

or a pharmaceutical^ acceptable salt thereof; 

or a quaternary ammonium salt thereof in which the nitrogen in Ql indicated by 
A in formulae la-Ik (or either basic piperazinyl nitrogen of Ql when Z* is nitrogen) is a 
quadricovalent ammonium nitrogen wherein the fourth radical on the nitrogen R» is 
(l-4C)alkyl or benzyl and the associated counterion A is a phannaceutically acceptable anion 

3- A compound as claimed in claim 1 wherein: 

Q" is 4-hydroxy-4-phenylpiperidino. 4-acetamido-4-phenylpiperidino, 

4- (2-methylsulfinylphenyl)piperidino, 4-(2-oxopiperidino)piperidino, or 
4-(2-oxoperhydropyrimidin- 1 -y l)piperidino; 

Q 2 is phenyl which may bear one or two substituents independently selected 
from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, (l-3C)alkyl and methylenedioxy; or Q 2 is 
thienyl, imidazolyl, benzo[b]thiophenyl or naphthyl any of which may bear a halo 
substituent; or Q 2 is biphenylyl; or Q 2 i s carbon-linked indolyl which may bear a benzyl 
substituent at the 1 -position; 

Q3 is hydrogen; and 

Q 4 is -OR 2 or -NR 3 R 4 ; wherein 

R 2 is hydrogen, (l-6C)alkyl, (3-7C)cycloalkyl, aryl(l-3C)alkyl or 
heteroaryl(l-3C)alkyl, wherein an aryl or heteroaryl group may bear one, two or three 
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substituents independently selected from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, 
(l-3C)alkyl, cyano, -S(=0) 2 NR5R<\ -NR 7 R*, C(=0)NR*R">, and methylenedioxy; 

R 3 and R 4 are independently selected from hydrogen, (l-6C)alkyl, 
(3-7C)cycloalkyL aryl, heteroaryl. arylO -3C)alkyl and heteroaryl(l-3C)alkyl, wherein any 
aryl or heteroaryl group may bear one two or three substituents independently selected from 
halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, (l-3C)alkyl, cyano, -S(=0)2NR5R6, -NR 7 R 8 , 
C(=0)NR 9 R 10 , and methylenedioxy; or 

the group -NR 3 R 4 taken together represents a cyclic amino radical selected from 
pyrrolidinyl, piperidino, L2,3.6-tetrahydro-pyridyl. 1,2,3,4-tetrahydroquinolyl, and 
1.2.3.4-tetrahydroiso-quinolyl. which cyclic amino radical may bear one or two substituents 
independently selected from halo, trifluoromethyl, hydroxy, (l-3C)alkoxy, (l-3C)alkyl, 
cyano. -S(=0) 2 NR 5 R 6 . -NR 7 R 8 , C(=0)NR 9 RK>, phenyl, acetamidomethyl, and 
methylenedioxy; and 

R 5 -R ! 1 are independently selected from hydrogen and (l-3C)alkyl; 

or the N-oxide of the nitrogen in Q 1 ; 

or a pharmaceutical^ acceptable salt thereof; 

or a quaternary ammonium salt thereof in which the nitrogen in Q 1 is a 
quadricovalent ammonium nitrogen wherein the fourth radical on the nitrogen R 1 is 
(l-4C)alkyl or benzyl and the associated counterion A is a pharmaceutical^ acceptable anion. 

4. A compound as claimed in claim 1 wherein: 

At is phenyl which may be unsubstituted or may bear a chloro, methyl, 
methoxy, hydroxy or methylsulfinyl substituent; Het is furyl, thienyl, 2-imidazolyl, 
l,3,4-oxadiazol-2-yl, pyridyl or pyrimidinyl which ring may be unsubstituted or may bear a 
chloro, methyl, methoxy, hydroxy, methylsulfinyl, methoxycarbonyl or ethoxycarbonyl 
substituent; aryl is phenyl; heteroaryl is furyl, pyridyl, imidazolyl, indolyl or pyrimidinyl; 
halo is chloro or bromo; (l-3C)alkyl is methyl, ethyl, propyl or isopropyl; (l-4C)alkyl is 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl or I-butyl; (l-SC)alkyl is methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, i-butyl, pentyl or isopentyl; (l-6C)alkyl is methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl, isopentyh hexyl or isohexyl; (l-8C)alkyl is 
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methyl, ethyl, propyl, isopropyl. isopentyl. 1-ethylpropyl, hexyl, isohexyl, 1 -propylbutyl, c 
octyl; (3-6C)cycloalkyl is cyclopropyl, cyclopentyl or cyclohexyl; (3-7C)cycloaJkyl is 
cyclopropyl, cyclopentyl. cyclohexyl or cycloheptyl; (3-8C)cycloalkyl is cyclopropyl, 
cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl; (3-6C)alkenyl is allyl, 2-butenyl or 
3-methyl-2-butenyl; (l-4C)alkanoyl is formyl, acetyl, propionyl, butyryl or isobutyryl; and 
(l-5C)alkanoyl is formyl. acetyl, propionyl. butyryl, isobutyryl, valeryl, isovaleryl or 
pivaloyl. 



5. A compound as claimed in claim 1 wherein: Ar is phenyl which may be 

unsubstituted or may bear a methoxy or hydroxy substituent; Het is pyridyl or pyrimidinyl 
which ring may be unsubstituted or may bear a methoxy, hydroxy or methylsulfinyl 
substituent: heteroaryl is pyridyl; halo is chloro; (l-3C)alkyl is methyl; (l-4C)alkyl is methyl 
or ethyl; (l-5C)alkyl is methyl, ethyl, propyl or isopropyl; (l-6C)alkyl is methyl, ethyl, 
propyl, isopropyl, butyl, isoburyl or i-butyl; (l-8C)alkyl is methyl, ethyl, propyl, isopropyl, 
1 -ethylpropyl or 1 -propylbutyl; (3-6C)cylcoalkyl is cyclopropyl or cyclopentyl; 
(3-7C)cycloaikyl is cyclopropyl or cyclopentyl; (3-8C)cycloalkyl is cyclopropyl, cyclopentyl, 
cyclohexyl or cycloheptyl; (3-6C)alkenyl is allyl; (l-4C)alkanoyl is formyl or acetyl; and 
(l-5C)alkanoyl is formyl, acetyl, propionyl, butyryl or isobutyryl. 

6. A compound as claimed in claim 1 wherein: Q 1 is 

4-hydroxy-4-phenylpiperidmo,4-acetamido-4-phenylpiperidino, 
4-(2-methylsulfinylphenyl)piperidino, 4-(2^xopiperidino)piperidino, or 
4-(2-oxoperhydropyriimdin-l-yl)piperidino; Q2 i s 3,4-dichlorophenyl, or 
3,4-methylenedioxyphenyl; Q3 is hydrogen; and Q4 is benzylamino, 4-phenylpiperidino, 
4.methoxybenzylamino, cyclohexylamino, 4-methylbenzylamino, (benzyl)(methyl)amino, 
(methyl)(phenyl)amino, phenylamino, benzyloxy, (2-memoxybenzylHmemyl)amino, 
[3,5-bis(trifluoromemyl)benzyl](memyl)amino, 2-methoxybenzylamino, ethoxy, (3,5- 
dicMoro-2-memoxybeiizyl)amino, N-[3,5-dichloro-2-memoxybenzyI]-N-memylamino, a 
radical of formula VII wherein E is oxy and m is 1; a radical of formula VII wherein E is oxy 
and m is 2; or 3,5-bis(trifluoromethyl)benzylamino. 
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7. A compound as claimed in claim 1 wherein Ql is a radical of formula Ie, If. Ig, 
Ih, Ij or Ik.. 

8. A compound as claimed in claim 1 wherein Q 1 is a radical of formulae Ic. Id, Ie. 
If, Ig, Ih, Ij , Ik 1m. In, Ip, Iu, Iv ? Iw, or Ix as defined in claim 1, or Q 1 is a radical of formula 
lb wherein Z b is a substituted imino group R ba N or R ba CH 2 N in which R ba is 
(3-7C)cycloakyl, Ar. Het. Ar(carbonyl), Het(carbonyl), CH 2 NR^R^, C(=0)NR be R bf , 
CH 2 C(=0)NR bc R bf ; or Z b is a disubstituted methylene group R bb (CH 2 ) p -C-R bc in which R bb 
is Ar or Het; p is the integer 0 or 1 ; and R bc is hydrogen, hydroxy, ( l-4C)alkoxy, 
(l-4C)alkanoyloxy, COOR bd (wherein R bd is hydrogen or (l-3C)alkyl), cyano, CH 2 
NR be R bf C (=0)NR be R bf . NR b *R b f or SR b S in which R** and R b ' are independently 
hydrogen, (l-4C)alkyl, (l-4C)hydroxyaIkyl or (l-4C)alkanoyl, or the radical NR b *R bf is 
pyrrolidino, piperidino or morpholino; and R b g is hydrogen or (l-4C)alkyl. 

9. A pharmaceutical composition comprising a compound of formula I; 

or the N-oxide of the nitrogen in Q 1 indicated by A in formulae Ia-Ix (or of 
either basic piperazinyl nitrogen of Q 1 when Z a is nitrogen); 

or a pharmaceutical ly acceptable salt thereof; 

or a quaternary ammonium salt thereof in which the nitrogen in Ql indicated by 
A in formulae Ia-Ix (or either basic piperazinyl nitrogen of Q 1 when Z a is nitrogen) is a 
quadricovalent ammonium nitrogen wherein the fourth radical on the nitrogen R 1 is 
(I-4C)alkyl or benzyl and the associated counterion A is a pharmaceutical^ acceptable anion; 
as defined in any one of claims 1-8; and a pharmaceutical^ acceptable diluent or carrier. 

1 0. A process for the manufacture of a compound of formula I: or the N-oxide of the 
nitrogen in Q 1 ; or a pharmaceutical ly acceptable salt thereof; or a quaternary ammonium salt 
thereof in which the nitrogen in Q 1 is a quadricovalent ammonium nitrogen wherein the 
fourth radical on the nitrogen R l is (l-4C)alkyl or benzyl and the associated counterion A is a 
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pharmaceutical^ acceptable anion; as defined in any one of claimes 1-8, which is 
characterized by: 

(a) Acylating an amine of formula -NR3R4 ? with an ester of formula IV: 




wherein R 12 is a suitable alkyl radical such as for example (l-3C)alkyl; 

(b) For an acid addition salt of a compound of formula I, treating a 
corresponding compound of formula I which is in the free-base form, with an acid 

(c) Alkylating an amine of formula Q > -H with an aldehyde of formula V: 




by reductive alkylation; 

(d) Acylating an amine of formula -NR3R*, with an acid of formula IV: 
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wherein R 12 is a hydrogen: 

(e) Alkylating an amine of formula QJ-H with an alkylating agent of 

formula VI: 




in which Y is a conventional leaving group; 

(f) For an N-oxide of the nitrogen in Q 1 indicated by A in formulae Ia-Ix 
(or of either basic piperazinyl nitrogen of Q 1 when Z a is nitrogen); oxidizing the nitrogen of a 
corresponding compound of formula 1 using a conventional procedure; 

(g) For a quaternary ammonium salt of the nitrogen in Q 1 indicated by A 
in formulae Ia-Ix (or either basic piperazinyl nitrogen of Q 1 when Z a is nitrogen), alkylating 
the nitrogen in a corresponding compound of formula I with an alkylating agent of formula 
R 1 Y wherein Y is a leaving group; 

(h) For a compound of formula I which bears a sulfinyl group, oxidizing 
the sulfur of a corresponding compound of formula I which bears a sulfide group; 

(i) For a compound of formula I which bears a sulfonyl group, oxidizing a 
sulfide or sulfinyl group of a corresponding compound of formula I; and 
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(j) For a compound of formula I which bears an aromatic hydroxy group, 

cleaving the ether of a corresponding compound of formula I which bears an aromatic alkoxy 



group. 
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